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INSTRUCTIONS FOR THE CARE AND OPERATION OP 

REFRIGERATING PLANTS- 



Navy Department, 
Bureau of Engineering, 

May ft, 19tl. 

These instructions have been compiled for the information and guidance 
of the naval service. They are applicable to the types of refrigerating 
plants installed on board naval vessels. 

It is requested that, as additional information becomes available, com- 
manding officers submit criticisms of these instructions and recommenda- 
tions as to improvement of the methods and procedure outlined herein. 

R. S. Griffin, 
Engmeer-in-CkUf, United States Xavy, 



Navy Department, 
Washingtoriy D, C, May li, 1921. 

The "Instructions for Care and Operation of Refrigerating Plants" are 
approved for issue to the naval service for information and guidance. 
The instructions and recommendations contained therein will be fol- 
lowed on all vessels. 

Edwin Denby, 
Secretary of the Navy. 

Secti<Hi 1.— DENSE-AIR MACHINES. 

operation. 

1. Piinelple. — The operation of the machine consists in drawing in air 
from the system and compressing it to three times its absolute pres- 
sure. The work done on the air in compressing it heats it, and it is 
then passed through the cooling coils, where the circulating water and 
the cool return air extract the heat of compression before it enters the 
valve chest of the expander cylinder. In the expander cylinder the 
air expands doing work, thereby losing heat, so that it is discharged at 
a very low temperature, usually about 100 degrees below the tempera- 
ture at which it entered the expander cylinder, when this is about 60 
degrees. The number of de^ees of reduction of temperature is some- 
what greater when the incoming air is warmer and somewhat lees when 
its temperature is much below 60 degrees. 
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2. starting. — If the machine is new and is to be started for the first 
time, it will be necessary to see that the s^tem is clear of sand and 
scale, afi any hard substance in the svstem will cause endless trouble by 
cutting the valves, valve seats, cylinders, and piston packing. The 
parts of the machine carrying air and the whole system of^piping should 
be blown out with air from the ship's air line. 

Before starting the machine, when new or after being shut down for 
a period, see that the valves on the suction and discharge lines to the 
circulating pump are open, the by-pass valve open, the main valves on 
the cold air and return air closed, the cylinder drains open, the valves 
on the hot-air blow line to the expander cylinder closed, and the drain 
valves on the expander cylinder and the pet cocks on the traps open. 
Have all bearings properly lubricated, jack the machine over by hand, 
and start engine slowly after opening exhaust valve. See that circulating 
water is being supplied. Close steam cylinder drains. When the dis- 
charge from the orain valves on the expander and the pet cocks on the 
traps is free of oil and moisture, close tnem and gradually build up the 
pressure to 125 pounds on the compressor. Open the sight-feed lubri- 
cators of the compressor and expander cylinders. 

When a pressure of 125 pounds is reached, blow down to 100 pounds 
through the drain on oil trap and expander drain cocks, and while the 
machine is building up the pressure, open the pet cocks on the traps 
and the expander drain valves at frequent intervals, and at each open- 
ing keep them open until the discharge is free of oil and moisture. When 
the pressure has been built up to about 65 pounds on the expander and 
235 pounds on the compressor cylinder, cut the machine in on the sys- 
tem by openine the valves on the cold air and return air lines and closing 
the by-pass vaiv^. 

8. Speed. — ^The speed of the machines for everyday service may be 
anjrwhere from 60 to 100 revolutions per minute for the 2 and 3 ton ma- 
chines and from 75 to 120 revolutions for the smaller ones. *For short 
periods the larger machines may be run up to 120 revolutions per 
minute and the smaller ones to 140 revolutions; but the normal speed, 
if the machine and system are lq good condition, should be 60 for the 
larger machines, and 75 for the smaller ones, and it Uie meat in the cold- 
storage rooms is well frozen and the temperature can be kept below 
freezing point with a slower speed, the machines should be run at as 
low a speed as practicable. 

4. Pressures. — ^Within certain limits the pressure carried has little 
effect upon the efficiency of the machine so long as the high pressure is 
approximately three times the low pressure, when these are expressed 
in absolute pressures. It is the correct ratio of pressures and the circu- 
lation of the air in the system which counts for efficiency rather than 
high pressures, so that with a correct pressure ratio low pressures and 
high speed will give better economy than high pressures and low speed. 
For customary service pressures of 65 to 70 pounds per gaujge on low 
pressure and 230 to 245 pounds p^ gauge on high pressure with a mod- 
erate speed should be used, but for maximum capacity the pressures 
should DO high and the speed high. 

6. Cylinder Inbzicatlon. — It is of the utmost importance that the oil 
used for internal lubrication and for tiie rods should be the oil that is 
especially provided for that purpose. It is a good plan to mark the oil 
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<»UQ8 or distinguish them in some way so that there will be little chance 
of the oil for bearings beinf' used by mistake for internal lubrication. 

For internal lubrication about five or six drops of oil per minute for the 
compressor cylinder and none for the expander is sofScient, but the 
manufacturers recommend about three drops of oil per minute for the 
expfluder cylinder. It is desirable that the amount of oil used for intenud 
lubrication be reduced to a minimum consistent with satisfactory lubri- 
cation, because the oil used is carried over into the system and forms a 
coating on the inside of the pipes which reduces their conductivity. On 
some ships using no oil for the expander cylinder it has been found 
advantageous to use a few drops of oil in the primer pump two or three 
times a day. 

6. Lubiication of piston rods and valve stems. — ^By means of the oil 
cups on the piston-rod and valve-stem stuffing boxes about two drops of 
oil per minute should be dropped into the stuffing boxes, but if the 
packing of the rods and stems is in good condition and the speed of the 
machine not over 60 revolutions per minute, no lubrication oi the piston 
rods and valve stems is necessaiy, as the oil in the air affords sufficient 
lubrication. On some ships it is the practice to use the lubricator only 
on the steam piston rod. 

7. Lubrication of bearings. — For lubricating the bearings about 4 or 5 
drops of oil per minute is generally used, but the amount used depends 
upon the condition of the bearing and the speed of the machine. 

8. Blowing down. — Once a day it is necessary to clean the machine by 
heating it up and blowing out all the oil and ice deposits. This is done 
as follows: while the machine is running slowly and the compressor 
pressure has dropped to 150 pounds, the by-pass valve on the line from 
the oil trap to the return-air line is opened, tne main valves on the cold- 
air line and the return-air line are closed, the valve on the hot-air blow 
line from the compressor to the expander is opened, and then steam is 
turned on the jacket of the oil trap very slowly and the drain from the 
jacket opened. Kun this way for about 30 minutes, frequently open- 
ing the pet cock on the oil trap and the drain valves on the expander 
so as to remove all the oil and moisture. Then shut off the hot-air blow 
and the jacket steam and run the machine on the by-pass until it is 
certain that tiie air from the expander cylinder is cold enough, then cut 
the machine in on the syst^n, dosing the by-paas. 

In spite of the proper draining of the moisture trap a certain amoimt of 
moisture will get into the expander; therefore it is desirable to open the 
drain valves on the expander and the traps about once an hour and blow 
out the oil and moisture. On some ships it is the practice to leave the 
cock on the primer-pump trap slightly open at all times in order to drain 
the moisture out of the newly supplied air. If the amount of oil used for 
internal lubrication has been reduced to a minimum and the drains on 
the expander and the oil trap opened for a few minutes each hour, it is 
practicable to reduce the blowing down to once every other day. 

9. Piston-rod and valve-stem packing. — ^The packing of the piston rods 
and valve stems consists of a few rings of metallic packing, then a hollow 
oiling ring, then a few turns of L. P. spiral packing. The setting of a defi- 
nite reguLtr time for repacking piston rods and valve stems wm prevent 
troubles and shutdowns; thereiore, it is recommended that the metallic 
packing be examined every two months to see that ends are not butting. 
At this time the soft packing should be renewed, using L. P. packing, as 
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asbeetoB packing will score the rods if used in stuffing boxes of the air 
cylinders. In replacing this packing it is absolutely necessary to place 
the oiling ring in the correct position opposite the hole for the oil pipe; 
otherwise trouble will be experienced witn hot rods and burned packing. 
The stuffii^-box glands shculd be set up a little more than hand tight 
and great care should be taken to see that excessive friction is not caused 
by settuig up too hard on these glands. The expander piston, rod should 
run cool at all times, and if this rod warms up the packing should be over- 
hauled and renewed, if necessary. Leaks around the stuffing boxes may 
be discovered by swabbing the rods with oil, and if a very Uttle setting 
up on the glands does not stop the leakage, it is far better to oveihaul and 
renew tiie packing than to overload the machine with useless friction 
and run a chance of heating the rods. On one diip, with an electric- 
driven 3-ton machine, the stuffing boxes were set up so hard that it 
recfuired 15 horsepowei' to run the machine at 60 revolutions per minute 
with no pressure on the system. 

10. Packing of expander and comi^essor pistons. — ^The pistons of the 
expander and compressor cylinder are packed with leathers or cast-iron 
rings. When packed with leathers those in the compressor usually last 
much longer than those in the expander cylinder. The expander leathers 
are often cut by ice chips formed in the cylinder due to the low tempera- 
ture in this cylinder, but they should last about eight to ten weeks. 
In overhauling, it is a good plan to turn the expander leatheni around 
so that the same part of the leather is not exposed to the most severe 
conditions at the cylinder ports. Much time will be saved if a former 
is used to form new leathers before they are installed, but if this is not 
used it is a good plan to insert the first new leather in the rear end of 
the piston, and in a day or two, when this leather is formed, transfer it 
to the crank end of the piston and put a new leather in the rear end. 

All of the late dense-air ice machines have cast-iron rings on both the 
compressor and expander cylinder. 

11. Oiling walls of expander cylinder.— The top side of the bote of the 
expander cylinder will rust very quickly aft^ the machine is shut 
down; tJierefore, before shutting down for a long period a little extra 
oil should be fed into this cylrnder. It is good prutice to remove the 
cylmder head, wipe out and oil the cylinder watki if the machine is to 
be idle for a week or more. 

12. Circulatliig water.— The constant supply of an adequate amount of 
cooling water is of vital importance, because the stoppa^ of the circQlat- 
ing water for only a few minutes while the noMchtae a in opaatkni may 
result in the scoring of the com|HrcBSor and expander valves and the 
burning of the piston leathers. 

It is a good plan to have the machine so connected that diculatii^ 
water may be taken from the flushing ByBtem. 

18. Draining ceils of 8y8te&u--WheQ the machines have been shut 
down for some time the coohng coils in the cold rooms wil^ be thawed 
out and should be drained of any contained moistuie and oil. These 
coils should not be thawed out or blown out with steam, as it is liable 
to start leaks, but should be blown out with air from the ship's air lines. 

14. Cleaning out the ie»-maleiag h«K.— The oil in the cold air will 
graduall^ir cover the inside surface ci the ice-making box and reduce tlM 
conductivity of the walls^ so that it is good practice to blow out the box 
with hot air or low-pressure steam when this machine is shot down for 



some time. Some ships make a practice ci bolHng oat the ice making 
box when the pluit is given a thorough overhaoL 
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ADJUSTHSKTS. 

16. Altgnment. — ^The cylinders should line up at right anRles to the 
crank shaft with their center lines parallel to the guides, and in practi- 
cally every machine the cylinders will have been so installed, and it 
should be unnecessary to check up this alignment unless excessive 
trouble is experienced with piston-rod packing and hot bearii^. 
If^The croBshead slipper is subject to wear, and unless it is ofsuifficient 
thickness to hold the piston rod in the center of its stuffing box excessive 
trouble will be experienced with the piston-rod packing. To determine 
whether or not the juston rod moves in the axis of the cylinder, remove 
the gland, withdraw the packing, and caliper the distance between the 
rod and the stuffing box with the piston at each end of its stroke; if the 
piston rod is found high or low in the stuffing box, correct this by remov- 
ing or adding liners back of the crosshead slipper so as to lower or raise 
the cros^ead end of the piston rod. 

16. Adjustment ol bearings. — ^The method of scraping and Uttinff the 
bearings is the same as for other bearings of this size and type, ana the 
clearances must be governed by the condition of the journals and the 
atij^nmeiit and size of the machine. With journals in good condition the 
mam bearings should be adjusted by taking leads so as to give a clearance 
of about 0.005 inch. 

The crosshead bearings should be adjusted so that the connecting rod 
will swing freel V, by first setting up on the gib until the brasses touch the 
pin and men slacking back a small amount and trying the swing of the 
connecting rod. 

The crank beaiings are adjusted by taking leads so as to give a clearance 
of about 0.005 inch. 

17. Tittijig crosshead slispez and guides. — ^The crosshead slipper and 
guides are scraped to a surface plate and adjusted so that the crosshead 
will slide freely, usually with a cleanuice of about 0.004 inch. 

la. Uttmg bushings of valve gear. — ^The bushings on the rocker arms 
of the valve gears should not be set up without disconnecting one end of 
rod and swinging it to see that they are not too tight. These adjust- 
ments are made with a set screw, and, if not carefully made, may be the 
cause of much trouble. 

19. Tittiag ecoentrio straps. — ^The eccentric straps should be adjusted 
by swinging, in prelerence to taking leads, as the straps are easily sprung. 

80. Clearance of pistons. — ^The clearance of the pistons of the compres- 
sor and expander is only one-eighth of sm inch. On account of this small 
piston clearance, care should be exercised, when adjusting bearings, to 
see that the clearance is the same at both ends; also, when overhsuillng 
or renewing piston leathers, to see that the piston rod does not unscrew 
from the crosshead. A tram should be made and marks properly made 
on the croeshead and the piston rod near the crosshead for cnecking up 
the position of the piston rod. 

81. Clearance ol primer-pomp plnager. — ^The clearance of the plunger 
of the primer pump at the end of its compression stroke should be a scant 
sixteenth of an inch, and may be as small as one thirty-second. If set 
too close the plunger is liable to expand when hot and may strike. The 
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clearance of this pltmger has an important effect upon the efficient opera- 
tion of the machine and should be very small if there are many air leaks 
in the machine or system, but If there are few leaks the clearance should 
be increased so that the relief valve will not continusdly lift at the end 
of the compression stroke. 

22. Setting the slide valves. — ^The setting of the slide valves is similar 
to that of setting a slide valve on any steam engine, except with additional 
details due to uie design of the valve chest and the valves. 

28. Patting the crank on the center. — In setting the slide valves of any 
cylinder it is necessary to put the corresponding crank on the dead cen- 
ter, so that if a tram and center marks are not already available it is neccs- 
nary to make a tram and punch the center marks. To make a tram, 
secure a steel rod about three-eighths inch in diameter and of sufficient 
length when formed to reach from some convenient point on the bed- 
plate to the face of the flywheel. Grind both ends to a point and bend 
one end, or both, if necessary, so that points will drop into center-punch 
marks to be made on face of flywheel and on bedplate. 

When tram is ready place a deep center-punch mark on the bedplate 
for the permanent use of the tram. Jack the machine until the cross- 
head whose crank is to be placed on center is about 2 inches from end 
of its stroke, scribe a mark across the crosshead and crosshead guide and 
at the same time, with one end of the tram in center-punch mark on the 
bedplate, scribe a light mark on the face of the flywheel with the other 
end of the tram; then jack the crank over the center until the marks on 
the crossheaa and crosshead guide come in line, then with tram scribe a 
light mark on face of flywheel as before. This gives two tram marks on 
the face of the flywheel, each made when the crank was the same distance 
from the dead center; bisect the distance between these two marks and 
place deep a center punch mark at this central point; jack the machine 
until the tram point drops into this center-punch mark when the other 
tram point is held in the mark on the bedplate; the crank will then be 
on the dead center. This operation should be repeated until marks 
are placed for both dead centers for all three cranks. 

24. Setting lower valve or expander cylinder. — ^With both upper and 
lower slide valves removed from the valve chest, mark the valve-chest 
walls with chalk, and, usin^ a small straightedge, and a square with 
a scriber transfer the ports m the valve seat to the walls of the valve 
chest. With a square and a scriber transfer the valve admission ports 
from the bottom to the top of the valve. Replace the lower valve and 
place a straightedge on the top of the valve and with a scriber draw 
a line on the vidve-chest wall parallel with valve seat and intersecting 
the previously drawn vertical lines which represent the ports in the 
valve seat, and mark the intersections with a center puncn. Put the 
expander crank on the dead center and by means of the adjusting nute 
set the valve by observing the port lines on top of the valve and the 
valve-seat port marks on the valve-chest walls so that it will have a lead 
of ^ or -^ of an inch, depending upon the size of the machine as shown 
in tiie table. Place the expander crank on the other dead center and 
see that the lead is the same, then set up on the adjusting nuts and lock 
nuts so as to leave a clearance of about 0.002 inch between the faces of 
adjusting nuts and the valve. This clearance is sufficient to allow the 
valve to seat properly and not enough to cause a knock. 
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26. Settlnf upper valve of expander cylinder. — Replace the upper valve 
and mark tihe stroke of the expander piston on the expander cronhead 
guide then jack the machine until the upper valve begins to cut off, 
and measure on the guide the distance the crosshead has traveled from 
the end of its stroke, which shotdd be from 3} to 6i inches, depending on 
the size of the machine as given in the table; repeat this operation for 
the other end of the valve, and, if the measured distances of crosshead 
travel are not equal, shift the valve by means of the adjusting nuts until 
these distances are equalized, then set up on the lock nuts, and the valve 
setting fqr this cylinder is completed. 



Size. 

1 

1 
2 
3 


Type. 


Steam cylinder. 


Exx>ander cyl- 
inder. 


ObmpiesBor cylinder. 


Lower 
valve 
lead. 


Upper valve 

closes. 


Lower 
valve 
lead. 


Upper 
vaive 
closes. 


Lower valve 
closes. 


Upper 
valve 
opens. 


Vert. 
Vert. 
Hor. 
Hor. 
Hor. 


Notch. 
Notch. 

NotoSi 

+Not(£! 




1 


Inchu, 

? 


A lap. 

s 

Line and line. 


InAet, 

6 
6f 






From 4 to 8 Ins. 



36. Setting lower valve of compressor cylinder. — ^The procedure in 
setting the lower valve is the same as in setting the lower valve of the 
expander cyUnder, except that this valve has inside admission and the 
valve is given a lap instead of a lead, the amount, which should be the 
same at each end, being given in the table for each size of machine. 
Since the construction of this valve does not give a surface on top to 
which the admission port may be transferred, a thin piece of wood or 
heavy cardboard must be secured on top of the valve, to the top of 
which the admission port of the valve is transferred for use in setting 
the valve. 

87. Setting upper valve of compressor cylinder. — ^The procedure in set- 
ting the upper valve is the same as in setting the upper valve of the ex- 
pander cyunder, except that this valve should just b^^ to open when 
the jacking is stopped for the measurement of the distance the crosshead 
has travel^, and tnis distance should be from 4} to 6| inches, depending 
on the size of the machine as given in the table. 

28. Settto^ of valves of steam cylinder. — The setting of the steam 
valves is the same as on any steam engine, the position of the valve 
being given in the table. If the steam cylinder is fitted with a riding 
cut-off valve, the procedure in setting this valve is the same as for the 
upper valve of the expander cylinder, the data for setting this valve 
being found in the table. 

89. Marking position of valves. — ^After the valves are once properly set, 
their position should be marked with reference to a fixed point on the 
valve-chest wsdl. This will save time when the valves are removed for 
examination or refitting, as they may be replaced by these marks in- 
stead of resetting them. The valves and the valve seat should be well 
lubricated before the valves are replaced. 



so. Taking tndiiwl^r cards. — Indicates cards taken from tiie expsmder 
and the compressor cylinder will show whether or not the valves are 
properly set and functioning pix^erly, and are of very great value in 
locating the cause of in^&cient operation if it is due to leaking or 
improperly set valves. 

31. Adjustment of primer-fomp valves.— ^The valves of the primer 
pump are very important parts of the machine and should be carefully 
adjusted . The suction valve is fitted with a comparatively weak spring, 
the tension of which is adjusted by a nut and lock nut on the valve stem. 
The tension on this spring should be just enough to insure that the valve 
is held to its seat, as any greater tension may prevent the valve lifting on 
the suction stroke and any less would cause the valve to remain unseated 
with the consequent loss of air on the first part of the compression stroke. 
The usual lift of this valve is from i^ to A inch. On the larger machines 
the operator can tell whether or not the suction valve is functioning 
properly by the fact that, as a rule, when working properly it makes 
a light chatterii^ noise . On the 2-ton and smaller machines the operator, 
by placing his fingers on the suction holes in the primer-pump plunger, 
can tell wnether or noit the pump is taking air. 

The lift of the primer-pump discharge valve is limited by a stc^ piece 
over the valve, the usual lift being from ^ inch to ^ inch. This valve 
should be carefully fitted because, if it leaks, the primer pump is in- 
effective and the high-pressure air leaking into the pump barrel will 
keep the suction valve seated, thereby giving the impression that the 
adjijstment of ths auctkui-yalve epnog is faulty. The valva .spring is 
usuidly made of steel and frequently corrodes and breaks. Bronze 
SEHings give good service and are not so liable to break. This valve 
should be carefully ground in; the usual method of testing one is to see 
tiiat no shoulder exists, then mark seat and disk by drawing a lead pencil 
across seat, enter disk and turn same carefully against the seat and ex- 
amine the seat to see if the pencil marks are cut. If the disk is allowed 
to wabble while turning, it will give a false impression, if the valve seat 
is worn slightly oval, if this valve is not properly fitted, it is liable to 
stick when it expands under the influence of the heat generated by the 
compression of the air. 

SUGGESTIONS. 

32. Connection to skip's air line. — If a connection is installed between 
the ship's adr-pressure Ime and the discharge from the primer pump, the 
system may be quickly filled with air, so mat much tune may be saved 
on starting up or the machine may be run with the primer pump not 
operating properly. If such a connection is made, a drain should be 
fitted to tne connection near the ice machine and care taken to thor- 
oughly drain all the moisture from the connection before admitting any 
air to the refrigerating system. 

38. Drain or steam line to trap. — A drain valve should always be fitted 
in the steam line to the jacket of the cold-air trap in order that any water 
may be drained out of this line before use and to make certain that the 
cut-out valve is not lei^ng steam into the jacket of the trap while the 
machine is running. 

84. Drain on oold-air piping. — If drains are fitted to each line of piping 
beyond the machine, it is possible to tell whether any valve in the piping 
system is leaking without disconnecttog any of the piping. 
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85. Dxain on ice-making box. — DrainB should be fitted on the bottom 
of the ice-makmg box, as some moisture is ahnost certain to collect in 
the box. 

36. Drain on manifolds. — On some ships drains have been fitted to 
valve manifolds in the refrigeration system in order to drain the moisture 
that frequently collects there. 

87. I>iains on recooler. — On some ships a drain has been fitted to the 
recooler near the bottom of the low-prenure head for use in drainini? out 
any oil that might collect in the recooler. 

38. Relief valve on Ice-maklag box. — Good practice requires the 
installation of a relief valve on the ice-making box, as l^iis is the weakest 
part of the system and several ol these boxes have been cracked by ex- 
cessive pressure. 

39. Wire-gauze screen over prlmer-pnmp suction. — A wire-^uze 
screen should be placed over the suction of the primer piunp in order to 
prevent the possible drawing into the system of dirt, waste, or other 
loreign matter. 

40. Ice-making box used as a trap. — ^When not making ice it is a good 
idea to close only the discharge valve from the ice-making box, leaving; 
the inlet valve open. Under uibbb conditions the ice-making box is used 
as an oil and moisture trap, and it should be drained from time to time. 

41. Reverse connections to ice-making box. — In tropical waters, on 
ships with small ice-machine capacity, where the machine is required 
most of the time directly on the cold storage, it has been found advan- 
tageous to fit cross connections to the ice-inaking box so that return air 
from the cold-storage system can be used on this box. With this connec- 
tion it is possible to chill the water in the ice cans before putting the cold 
air directly on the ice-making box, and so reduce the tune of operation 
under the latter conditions. 

48. Recooler made on board ship. — ^When no recooler is installed and 
trouble is experienced with the cold storage, a very efficient recooler can 
be constructed on board ship and installed in about four hours. With 
circulating watar over 80® F., the New Orleans was unable to keep down 
the temperature of her cold storage, so a recooler was made for a 1-ton 
machine by using a 4-inch pipe about 7 feet long. Heads were made of 
brass to form a tube sheet and screwed on each end of the pipe. Holes 
were drilled into these heads to take condenser tubes. The condenser 
tubes were expanded on each end and ferrules driven into ends of tubes 
to stiffen them and keep them from working loose. The cooler was fash- 
ioned after a feed-water heater, the high-pressure air going through tubes, 
the flow being so that return air entered at top of shell, at same end where 
high-pressure air left recooler on its way to the expsmder. The return air 
left opposite end of recooler from top of shell ana air from cooler entered 
tubes at this end. This caused the coldest air to come in contact with 
coldest surfaces. The cooling medium was brought to close the air to be 
cooled by using small tubes. ThiB recooler is very efficient. 

The cooler when complete was clamped to the deck beams over the 
ice machine and lagged . The pipes were measured up, cut, and threaded. 
The necessary valves and fittings were drawn out. Then the machine 
was shut down and the old pipes removed . The lines were cut and valves 
inserted so that machine could be run as before in case the cooler failed. 
The connections were all made and the machine running within a few 
hours' time. The result was that ihere was no trouble with the tempera- 
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ture of the cold storage. Afterwards a croas oonnecdon was fitted so that- 
machine could be run on cold storage and return throug:h ice box. Whea 
this was done, there was no more trouble about making ice along the coast 
of Mexico. 

48. Heater for air blow-ont. — In blowing out the pipes of the cold- 
storage system heat will materially aid in clearing the system of oil, but 
the use of steam for blowing out the system is objectionable on account of 
the danger of starting leaks. Some ships use the machine itself with the 
hot-air blow line open to blow out the system, but this is dangerous on 
account of the tenaency to overheat the machine. The best plan is to 
make a small heater like a bathroom heater and use air from the ship's 
compressed-air line for blowing out the system and steam on the heater 
for heating the air, as, in this way, the temperature of the air used for 
blowing out can be regulated. 

14. Record of spares. — ^A record of all spare parts, with their location, 
should be kept up to date and available in case of breakdown, as the 
saving of thousands of pounds of fresh provisions, besides the comfort and 
the health of the crew, may depend upon the quick repair of the machine. 

TROUBLES. 

46. Pressures correct and ratio correct, but machine not effecttve.— If 
the machine mainidns the correct pressure and the correct ratio of pres- 
sures, but fails to maintain the usual low temperatures, the tax>ubie is 
probably due to one of the following causes: 

Insufncient circulating water. ^ 

Mud in cooler or compressor jacket. 

Machine not dean and clear of oil and moisture. 

Ice-making box and system not clean and dear of oil and moisture. 

46. Insufficient circnlatinff water. — Feel overboard-dischaige pipe to 
see if it is warm, and look over the side to see if Hiere is an adequate dis- 
charge of circulating water. If the overboard-discharge pipe is warm or 
there appears to be insufident circulating; water, open the valve, putting 
the flusmng or fire pump on the circulating system, and if this dx)e8 not 
immediately give sufficient cooling water stop the machine, as its opera- 
tion for only a few minutes without circulatmg water will bum up the 
leathers and cut the compressor and expander valves. 

47. Mud in cooler or compressor jacket. — If there is suffident drculat- 
ing water, feel the ends of the cooler and the compressor jacket. If either 
of these is warm, it is due to a deposit of mud. Stop the machine, remove 
the cooler head, and clean out ihe cooler. Trouble from this source is 
likely to be encountered when operating for any length of time in muddy 
water, as at Shanghai, Mare Island, New Orleans, or the navy yard, New 
York. Whenever a madiine is given a thorough overhaul the cooler 
should be cleaned out, and if much mud is found the compressor jacket 
should also be cleaned out by washing out with dean water under a good 
pressure, or by drawing the liner if the water does not remove the caked 
mud. 

48. Machine or system not dean. — The rise in temperature due to 
these causes will be gradual and should not occur if the machine has been 
thoroughly blown down at r^^ular intervals and the ice-making box and 
system blown out whenever opp^ortunity offered, but if no other cause of 
the trouble is located the machine should be blown down as previously 
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described. This should cause the temperature of the cold-air dischaii^e 
from the expander to come down to the usual reading, and if trouble u 
still experienced it is due to oil and moisture in the ice-making box and 
in the system. 

49. I<oss of pressure, the ratio between pressures remaining correct. — 
If the machine loses its pre68iu*e or refuses to build up the pressure, the 
ratio between the high and the low pressure remaining correct, the trouble 
is probably due to one of the following causes: 

Leaks around piston or valve rods. 

Leaks in cooline colls. 

Leaks in ice-miUdng box. 

Leaks in system. 

Faulty action of primer pump. 

60. Iiooating leaks. — Gut the machine off the system and run it on 
short circuit; then if the pressiu*e builds up, there are no leaks in the 
machine. 

Put the machine on the ice-making box, and if the pressures are satis- 
factory the ice-making box is not leaking; then put the machine on the 
scuttle butt and observe the pressure; then on the cold-storage system 
and ob»^ve pressure. This method will show what part of the installa- 
tion is leaking. 

61. Leaks around piston and valve rods. — ^Leaks around the piston and 
valve rods may be discovered by swabbii^ the rods with oil and watching 
for air bubbles. If a very little setting up on the gland does not stop the 
leakage, it is farl>etter to overhaul and renew the packing than to overload 
the machine with useless friction and run a chance of heating the rod. 

62. Leaks in cooling coils. — A i>et cock should be installed on the top 
of the cooler; then, if the machine is running and the cooling coil is 
leaking, on opening the pet cock air will blow out. If the machine is 
not running, put an air pressure on the cooling cdl, open the pet cock, 
and close the valves on the sea-water circulating system ana air will 
blow out of the pet cock if the coil is leaking. Using the last method it 
is possible by trying out to tell whether the main cooling coil or the 
IMimer-pump cooling coil, if one is fitted, is leaking. 

68. Leaks in ice-maklBg box or system. — ^Leaks in the ice-making box 
and the svstem of piping may be located by covering them with softpy 
water and watching for air bubbles. Frequently when the ice-making 
box is leaking it wfll be found that after running on the Ice-making box 
for some time ice will lorm over the leaks, stopping them, so that the 
ice-making box diould be examined for leaks Bwm after turning on the 
cold air. 

64. Faulty action of primer pomp. — To determine whether the primer 
pump is functioning properly, place the hand over the suction and see 
if the pump is taking air. Feel the primer-pump discharge pipe, and if 
it is not very warm, the action of the pump is faulty. On the 3-ton 
maohines watch the primer-pump suction valve and see if it is unseating 
and seating properly. A valve should be placed in the discharge line 
near the cooler; tben, on closing this valve, the relief valve should lift if 
the primer pump is operatixig satisfactorily. In case this pump is not 
operating properly, by closing this valve it is possible on the large 
machines to overhaul the primer pump-suction valve while the machine 
is in operation. 
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d5. Loss of pressure, the ratio between the pressures being incorrect. — 
If the machine fails to maintain the correct pressure and the correct ratio 
between the high and the low pressure, the trouble is probably due to 
one of the following causes: 

Leaky valves of the compressor cylinder. 

Leaky valves of the expander cylinder. 

Leaky compressor or expander leathers or packing rings. 

Incorrect setting of compressor or expander valves. 

Leak in recooler (return-air cooler). 

66. Leaky compressor valves.-— Stop the machine with pressure on the 
machine and system, close the valve on the expander inlet, then if the 
pressures equalize, the valves on the compressor cylinder are les^in^. 

67. Leaky expander valves. — If the lower pressure is higher than it 
should be while the machine is in operation, it indicates that the valves 
of the expander, cylinder are leaking. 

68. Leaky compressor or expander leathers. — It is difficult to t^ 
whether it is the expander or the compressor leathers or packing rings 
that are leaking, but, as a rule, the comraessor leathers last three or four 
times as long as the expander leathers. Knowin? the time of last rene^^ 
of the leathers, it is possible to determine which would be examined first. 
If there has been any trouble due to an insufficient supply of circulating 
water, the compressor leathers should be examined first. 

69. Incorrect setting of the valves. — ^The easiest way to determine 
whether or not the valves are correctly set is to take indicator cards. In 
!ac^., incorrectly set valves, leaking valves, and leaking piston leathers 
can all be located by indicator cards, and no instrument is of more value 
in operating one of these machines than an indicator. If a machine is in 
good condition, the indicator card from the expander cylhider will 
approach very closely to a theoretically perfect card. 

60. Leak in recooler. — ^To determine whetiber the recooler is leaking, 
stop the machine with pressure on, then close the valve on the expander 
inlet and drain the low-pressure air from the system, open the recooler 
drain cock, and air will dIow out if the recooler is leaking. If there is 
no drain cock on the recooler, one should be installed near the bottom 
of the low-pressure end for use in draining the recooler and testing it 
for leaks. 

61. Stoppage in discharge pipe from expander.— This will be noticed on 
the gauge by a drop in pressure on system. To distinguish this trouble 
from faulty leathers on pistons, open by-pass valve. Should pressures 
become normal when by-pass is open it will indicate a stoppage in line 
to cold storage or ice box. Try to run on each separately, ana if a normal 
pressure is not established on either it will Inaicate a stoppage nearer 
machine which will most likely be trap choked. 

The U. S. S. New Orleans had much trouble with the discharge air 
from expander, due to line freezing up. The most difficult stoppage to 
locate was that due to the pocket in expander-valve chest freezing up. 
This pocket is located under slide valve where port connects with dis- 
chazge outlet. The trouble being in the machine, could not be located 
by running on the by-pass. It was indicated by a drop in pressure on 
system and an increase on compressor. The trouble was remedied as 
follows: 

Blow down machine and thaw out, by using hot air from compressor. 
When hot air has been used about 30 minutes, connect air hoae from 
compressors in engine room to bottom of trap and stop machine. Turn 
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air into^trap, having drains on expander open. Jack machine over a few 
times. This causes a strong; flow of air m opposite directions and dis- 
lodgeejthe oil and water collected in discharge port. There was trouble 
once after this was done, due to the thawing not being complete. After 
the machine had been in operation about two hours a sudden and almost 
complete stoppage in discharge took place. To locate the cause the 
valves of expander were removed. When this was done a piece of ice 
was found lodged against the outlet. 

A complete remedy for this was obtained when the machine was laid 
up for repairs. The cylinder was removed and a |-inch drain pipe fitted 
so as to (firain pocket formed by discharge port. Extra heaver nipple was 
fitted so that there would be no chance of it breaking off in an inaccessible 
place when cylinder was replaced. A pipe was run to connect, and an 
angle valve located at after end of cylinder where it was within easy 
reach. When the machine was in operation this pocket was drained out 
about twice each watch. No more trouble was experienced with stop- 
pages of freezing line. 

This trouble was not caused by allowing water to collect in the small 
trap on supplementary air line. It was only experienced on the west 
coast of Mexico, when the machine was being worked to its greatest 
freezing capacity. The circulating water is not cold enough to cause the 
moisture in make-up air supply to precipitate in trap. Most of the 
moisture was deposited in the expander. When a stoppage took place 
in the freezing Ime beyond trap it would be foimd at valve to ice box 
if machine had been running direct on cold storage, and at valve to cold 
storage if running on ice box. 

The line stopped is easily located. When located, remove bonnet of 
valve and use a stiff wire or a x)acking hook to remove ice. It will be 
found in a mass of small crystals. 

62. Qasdcet for crank end of cooler improperly cut. — ^The combined 
trap and cooler for discharge air from the primer pump is located on the 
head of the cooler nearest me crank end. There is a rib across the inside 
of this casting extending out flush with the face of the flanee so that when 
in nositlon the newly admitted hot air must pass near the head of the 
cooler through the space between it and this rib, which space is only 
the thickness of the gasket. On one ship, in renewing this gasket the 
new gasket was inadvertently cut with a cross piece in it, which was 
placed under this rib so that when the machine was assembled it would 
not build up the pressure because the cross piece prevented the primer- 
pump air from entering the system. The trouble was finally located by 
admitting air from the ship's compressed-air line to the primer-pump 
discharge line and brealdng the line from this trap; then, when no air 
issued from the trap, it was known that the stoppage was in the trap. 

63. For suggestions applicable to all types of machines see articles 217 
to 222, and for instructions for operation of brine and ice-making systems 
see articles 223 to 227. 
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Section 2.— CARBONIC ANHYDRIDE (CO,) MACHINES. 

64. Principle. — In this syBtem the refrigerant is carbon dioxide (GO3), 
a colorless, tasteless, odorless, nonpoisonous, nonexplosive gas. 
The three principal purts of a refrigerating plant of this t^e are — 

1. The compressor, commonly called the ice machine, in which the 
gas is compressed. 

2. The condenser, in which the compressed gas is cooled by sea water 
and condensed to a liquid. 

3. The cooling coils or brine cooler (also called an evaporator) in which 
tke liq[uid CO2 expands into a gas before returning to the compressor and 
repeatmg the cycle. 

in exi)anding into a gas in the cooling coils or brine cooler, the heat 
of vaporization required for this operation is taken from the medium 
surrounding the expansion coils. 

In small plants, aboard ship, the liquid 002 ^ expanded in pipe coils 
placed in the cold-storage rooms, the gas itself abstracting the heat from, 
the articles in cold storage . This is known as the direct-expansion system . 

In larger plants, usuallv of two tons or more capacity, the liquid GO2 
is expanded in coils in a brine cooler in which calcium chloride brine is 
cooled. The cold brine is then pumped through the coils in the cold- 
storage rooms and absorbs the heat irom the articles in cold storage^ 
This is known as the brine^Jrculation extern. 

On some vessels ice is frozen in the ice-making tank by the direct- 
expansion system, the expansion coils and the ice cans being immersed 
in still brine in the tank. On other ships, however, the ice is frozen 
by means of brine from the system circulated through the coils in the 
ice-making tank, the coils and the ice cans being surrounded by still 
brine, as in the direct-expansion system. 

Scuttle butts, as a rule, are brine-cooled unless the entire plant oper- 
ates on the direct-expansion system. 

On some ships powder magazines and fruit and vegetable rooms are 
cooled by air, which is circulated by blowers and passed over the coils 
in which the GOg is expanded. 



Bfi. CompTMioi. — Due to the high presaure to which carbon dioxide 
must be subjected in order to liquify it at ordinaiy temperatures, the 
compreesor must be built extremely rugged, the cyunder uauaJly being 
of steel or Bemisl«e] and other puts being of suitable nuteriaJ and s&engtb. 

CO] compresaorB aa furniahed for naval vesaelH by various firmft are 
either double-acting, aiugle-cylinder; singlo-actine, single-cylinder; or 
single-acting, twin-cylinder; and are driven by either an electric motor 
or steam engine, usually direct-connected. 

The cylinder, piston, and piston-rod stuffing box of a double-acting, 
aingle-cylinder compressor as manufactured by the Kroeschell Bros. Ice 
Machine Co., is shown in figure 1. The construction of compreaeor cylin- 
ders tor sii^le-acting, twin-cylinder machines as manufactured by the 
American Carbonic Machinery Co. and the York Manufacturing Co. are 
shown in figures 2 and 3, reapectively. The machine shown in figure 2 
is fitted with a piston-rod stuSiug box, the CO, gas passing throudi the 
cylinders only, while in the machine shown in figure 3 the entir^hous- 
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ing is subject to the soetuafreaBure and a atuffing-box is fitted in the 
opeimig in the housing (or the crankih&ft. This cnnkehaft stuffing 
box ia shown in figure 4. 
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ee. Condenser. — Two typea of condonflorB are in use in CO. plants on 
board ship — namely, the double-pipe type ajid the shell ana coil typo. 

A double-pipe condenser consisfa o£ a tier of tubes connect«d at the 
ends by return bends and through which the condensing water flowa. 
Each tube paeaea through a larger tube, and the diechai^e gaa from the 
compressor passes through the annular space between the tubes and ia 
condensed by the cooling effect of the condensing water. The con- 
densing wafer inlet to the condenser is at the bottom, while the gas inlet 
to the condenser is at the top, the coldest water thus coming in contact 
with the coldest gas. 

The shall and coil, or submerged type of condenser, consists of a cylin- 
der containij^ a coil through which tlie dischat^e gaa from the compressor 
passes and is cooled and uquified -by the condensing water. The con- 
densing water circulates ttm>ugh the shell and entirely submei^ea the 
coil containing the gaa. 



A receiver is provided for both types of condensers and acts as a reser- 
voir for the liquified CO*. 

The coil through which the gas passes should be of extra heavy pipe. 

67. Brine cooler. — Brine cooters on naval vessels are of the submerged 
type, some being constructed similar to the shell and coil type of con- 
dfenser, while others consist of a rectangular tank in which the expansion 
coil ia placed, instead of a cylindrical shell. 

As in the shell and coil type of condenser, the coil should be of extra 
heavy pipe. 

68. Brine storage tank. — On vessels having a brine-circulation system, 
in which the brine cooler is located in the discharge line from the brine 
pumps, a brine storage tank in the suction line to the pump is necessary 
in order to provide a reservoir for the brine and insure a full system and 
also to purge the brine system of air. 

Where the brine cooler is located on the suction side of the brine pumps, 
no storage tank is necessary, provided the cooler is vented. 

69. Gauges. — Gauges are installed with each plant which give the 
pressures in the high-pressure or condensing side and in the low-pressure 
or evaporating side of the system. Gauges installed with plants furnished 
by the Kroeschell Bros. Ice Machine Co. and the American Carbonic 
Machinery Co. have dials g^duated to indicate the pressures in atmos- 

Sheres per square inch, while gauges with plants furnished by the York 
[anufacturing Co. have dials graduated to indicate the pressures in 
pounds per square inch.. The temperatures of carbon dioxide corre- 
sponding to the different pressures are also indicated on the dials ol 
tne gaugee furnished by all of the above firms. 

70. Starting up a new plant. — ^The various parts of a new plant should 
be cleaned as thoroughly as possible during installation, but some scale, 
grit, or other forei^ matter will probably remain which must be removed 
from ^e system if it is to operate efficiently. Also before starting up, 
the system should be inspected for leaks. This may be done as follows: 
Connect a drum of carbon dioxide gas to the chaxging connection and 
slowly let in sufficient gas to put apressure on the entire system of about 
300 pounds or 20 atmospheres. Tne drum should be connected to the 
cha^^ing connection with the drum standing on end, valve up. This 
gas is injected without pumping the air out of the system. The expan- 
sion valve should be open in order that the pressure may be equalized 
throughout the system. All gauges should register the same pressure, 
if they are correct and the suction, discharge, and expansion valves are 
open. When the gauges indicate the above pressure, stop charging and 
go over all joints with a strong solution of soapsuds. Bubbles blown in 
uie soapsucLB will indicate the leaks if they exist, and a very bad joint 
can be foimd by the whistling sound of the gas blowing out. 

In the case oi a very bad joint it may be necessary to blow out the 
greater portion of the gas used for charg^g, but this is of small conse- 
quence, as only about 5 pounds of the gas is required to obtain 300 pounds 
pressure in small plants. 

71. Under no conditions should the plant be put under an air pressure 
by means of its own compressor, as the heat generated in compressing "tfie 
air will cause the cylinders to be scored and, if the temperature of the air 
should reach the flash point of the lubricating oil, an explosion might 
result. 
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72. Parginx air from the system. — After all leaks hare beea made 
tight and the machine has been idle a short time, the air should be 
purged from the sjrstem by turning on the condensing water supply and 
opening the purge valve, located at the highest point of the condenser. 
The piuge valve should be kept open only so long as the air, which is 
lighter than OO^t is.«iues from it. 00, issuing from the purge valve will 
be indicated by a visible vapor or by frost appearino; around the opening 
in ihe purge valve. Tbis purging operation should be repeated several 
times, running; the machine for short periods between each purging oper- 
ation in order that the air may be carried from the suction side into the 
condenser, whe^'j it will be trapped by the liquid CO3 in the receiver. 

78. Charging the system. — After the air has been purged from the s^- 
tem, start the machine feiee art. 76), and slowly close the expansion 
valve 80 as to graduaiiy build up a pressure in the condensing sid!e of the 
system and reduce the pressure in the suction side. The proper pres- 
sures to be obtained are given in articles 79 to 83. While the machine is 
running, charge additional gas into the system until the proper pressures 
are obtained. During the operation of chaiging frost will appear on the 
lower end of the drum after it is about haS emptied, due to the rapid 
eva{>oration of the gas, and if charging is continued and moiskure is pres- 
ent in the gas the small outlet in the drum valve will freeze up. When 
frost appears on the drum, close the charging and the drum valves, dis- 
connect the drum, and replace it with a fiul <&um. When the new drum 
Iroets up at the lower end, it should in turn be replaced by a full one and 
this replacement of drums continued until the nrst one from which gas 
^as takesi is thawed out, after which the drums can again be iised in 
Totation. To remove all of the CO3 from^ a drum, the suction valve 
should be closed while the machine is running with the drum connected 
ior charging. Do not heat the flasks when they freeze up. The fact 
that the flasks freeze up indicates that moisture is present in thei ^as and, 
if a gas drier or moisture absorber similar to that described in article 220 
is not installed in the charging pipe care should be taken that the water 
is not injected into the system. To minimize the amount of water en- 
tering the system, the drums should be stored< when not in use^ with the 
valve end down. If water is present in the drum, it will collect in the 
bottom, as it is heavier than the COo. Also by this method of storing the 
drums the valves may be kept tight against CO3 liquid, although they 
might leak gas if the valve end of the drums were up. Before removing 
a drum for charging it should be raised, still valve downward, and the 
valve opened sufficiently to blow out any water in the drum. When C0« 
begins to flow the valve should be closed quickly and the drums turned 
valve end upward. The drum should be kept in this position for at least 
10 minutes to enable any water adhering to the sides to drain to the bottom 
of the drums. After running about 30 minutes, the trap in. the suction 
line should be cleaned out. This is done by closing thp expansion valve 
or the valve between the trap and brine cooler or cooling coils, if one is 
installed, and allowing this section of piping to be pumped down by the 
compressor. When as much gas as possible has been removed, dose the 
suction valve and stop the machine. The flange or cap of the trap can 
then be removed, care being taken to slack back on the nuts slowly in 
order that the pressure may be relieved gradusdly and collected grit, dirt, 
or other foreign matter removed. The suction trap should be clean^ 
every week for the first month of operation an(j} oncg.or jt^WP * Y^^ 
thereafter unless tax)uble is experienced with froz^n'radBtiiPff.'*** 
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74. The craak-case oil in machines having the crank case subject to 
the saction pressure should be cleaned out uter the first six hours run- 
ning iu order to remove the foreign matter deposited at this point. 

76. The plant may be considered sufficiently charged when the dis- 
charge pressure is correct for the temperatures of condensing water and 
the proper temperature is obtained in the rooms or brine cooler with frost 
on tiie suction line stopping about 1 foot from the machine. 

76. To stajrt the machine. — ^Tum on the condensing water and allow it 
to run long enough to obtain a good dischaige before starting any other 
operation. Open the CO, dischuge valve fuU and the CO, suction valve 
about onorhaS turn. Start the machine and open the suction valve 
slowly until it is wide open. Be sure the discharae valve is open before 
starting the machine; otherwise a copper disk, which is installed in Ihe 
safety valve and whidi has a burstmg pressure ranging from 1,400 to 
1,700 pounds per square inch, will break and release the gas to the at- 
mosphere. \Vnen tne pressure has been sufficiently reduced, the spring- 
loaded valve in the safety valve will close, but the copper disk should be 
immediately replaced, as the spring-loaded valve may not be perfectly 
gas tight. If not previously adjusted, the expansion valve which con- 
trols the flow of liquid COa from the receiver to the expansion coils in 
the brine cooler or cold storage rooms should be gradually closed as the 
temperature of the rooms falls, imtil a suction pressure is carried which 
corresponds to the temperatures to be maintained in the rooms as de- 
scribed in paragraph 81. 

77. To stop the machine. — ^To shut down close the suction valve, stop 
the machine, shut oQ the condensing water supply, and close the dis- 
charge valve. Do not close the expansion valve. When the copapressor 
is to be left idle for a long period the gland nuts should be tightened 
evenly in order to prevent escape of gas through the stuffing boxes. As 
soon as the compressor is started again care should be taken that the 
gland nuts are slacked back and adjusted until there is a slight leakajg^e of 
oil at ttie stuffing boxes; otherwise the packing will harden and heat, due 
to lack of lubrication. When the condensers are of the shell and coU 
type, fitted with steel coils, and a unit is cut out, the coils should be kept 
fully submerged to prevent deterioration of the coil surface. 

78. Begulatlng and renewing the oil supply. — In compressors shown in 
figures 1 and 2 lubricating oil is pimiped into the piston rod stuffing 
box by a smaU oil pimip driven from me crank shaft, thus lubricating 
•the piston and piston rod. The stroke of the oil pxunp with these ma- 
chines is adjustable, and the supply of oU can be reRulated by changing 
the length oi stroke. The manufacturers of the inachine shown in figure 
1 recommend the use of a pump full of oU every six or eight hours. The 
pump should be refilled hefore it is empty. The machine shown in 
ngure 3 is fitted with an oil pump driven from the crank shaft which 
pumps oil into the crank-shaft bearmgs, from which the oil flows into 
the crank case and passes through an overflow pipe to a reservoir tank. 
The pump suction is taken from this tank. The piston, wrist pin, and 
crank pin in this machine are lubricated by the splash system. To 
renew the supply of oH, the valve in the overflow pipe should be closed, 
after which the cover on the reservoir tank may be removed and the 
oil poured in. When the machine is rimning, the oil supply is sufficient 
if it shows at least halfway in the lowest elass in the reservoir tank. 
Small machh^es (1 ton or less) of the type imown in figure 3, which are 
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iofitalled on destroyers, mine sweepers, ete.^ differ in the oiling system 
from those just described in that the puinp is inclosed in the crank case 
and the oil is renewed by means of an oil-filling pot. To replenish the 
oil, the valves on the top and bottom of the fillin|f pot should be closed, 
the plug in the top of the pot removed, and the oil poured in. Replace 
the plug, open the top valve wide, and crack open the bottom valves; 
when the sight glass shows enough oil in the crank case close the bottom 
valve. The level of the oil in the crank case should show in the glass 
fitted in the crank case. 

Care should be taken that an excess of oil is not pumped into the 
stufing boxes on machines so fitted, or that the level of the oil is not 
carried too high in machines of the closed crank-case t^pe, as this will 
result in oil being carried over into the s>[Btem and forming a coating on 
the inside of the condenser and expansion coils. This coating of oil 
will reduce the heat transmission in the coils and consequently reduce 
the capacity of the machine. 

79. Pressure. — ^The discharge pressure required to lic[uefy the carbon 
dioxide will vary with the temperature of the condensmg water. The 
temperature corresponding to tne discharge pressure of me gas should 
be from 5** to 15° F. above that of the condensing water leaving the 
condenser. 

80. The suction pressure should be the pressure which corresponds 
with a temperature of CO2 about 15** F. below the temperature of the 
brine leaving the brine cooler, or, if the system is direct expansion, 
about 20^ F. Delow the temperature to be mamtained in the cold-storage 
rooms. The brine leaving tne cooler in a brine-circulation system should 
be about 15^ F. below the temperature to be maintained in the rooms, 
with a difference in temperature between tiie incoming and outgoing 
brine to and from the cooler of 4** or 5® F. 

81.^ In figures 5 and 6 are given temperature-pressure curves of carbon 
dioxide from which the pressure corresponding to any temperature of 
the gas likely to be encountered can be read. 

Tne scale of pressures in figure 5 is plotted in atmospheres per square 
inch and in figure 6 in pounds per square inch, the graduation of the 
gauges on the machine determining which figure to use. 

A curve of temperatures of condensing water plotted against the corre- 
sponding pressures of CO2 is also given. By picking off the temperature 
of the water, leaving the condenser on this curve and reading aown, as 
indicated by the example shown in dotted lines, the discharge pressure 
of GO2 which should be carried, if the plant is operating nortnally, is 
given. ^ 

Similar curves from which can be determined the CO2 suction pressure 
needed to maintain any ordinary temperature in the (>rine cooler, in 
brine, or direct-cooled rooms are given. 

Examples of the use of these curves are shown by the dotted lines. 
In the examples in each figure a temperature of condensing water leaving 
the condenser of 65** F. was assumed. By reading from me intersection 
of the condensing water curve with the 65** F. ordinate, it will be seen 
that a discharge pressure of about 59.5 atmospheres, or 870 pounds, will 
be required. Similarly, assuming a temperature of 15** F. is required in 
the cold-storage rooms, it will be seen tnat a suction pressure of about 
15.5 atmospheres, or 225 pounds, is required for a brine s^nstem or about 
18.5 atmospheres, or 270 pounds, ior rooms cooled by the direct^xpansion 
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^ M. ' Yfla^tioBs ficm pteBBarea given in figturee 5 and 6 may occur in 
flctiial practice 'tlue to differences between the amounts of condencdng 
water and brine actually circulated and the- amounts on which the curves 
are based, but if thepknt is operating normally and efficiently the 
pressuree should be reasonably close to the pressures in figures 5* and 6, 
which correspond to the temperatures of condensing water and cold- 
storage rooms. 

' : 83. As the critical temperature of eai1)on dioxide is about 88^ F. , above 
which temperatiire it can not be liquified by compression, the amount of 
oondennng water -circulated should be increased as warmer waters are 
encountered in order that the differences between the temperatures of 
the water and CO2 in the condenser may be reduced as much as possible. 
This difference should be not over 5** F. when the temperature of the 
water is 80*^ F. or above. 

84. Causes of tnelllcieiit operati(m. — If the machine is not working 
properly in that the correct temperatures ol brine or rooms or the correct 
preflBuxes of CO2 can not be obtamed, it may be due to one of the follow- 
ing causes: 

(a) Shortage of gas in the svstem. 
ib) Leaking compressor valves. 

(c) Defective packing. 

(d) Moisture in System. 

ie) Dirt and excessive oil in system. 
(/) Leak in syst^n. 

85. JsksuMcient gas in system. — If the gauge in the high-pressure side 
of the system records an abnormally low discharge pressure below that 
correspondiii^ to the condensing water temperature as given in fissures 
5 and 6, while the suction pressure is correct, and further closing of the 
expansion valve increases the discharge pressure but results in an ab- 
n(»rmally low-suction pressure, the supply of gas in the system is insuf- 
ficient. Tliis trouble is sJso indicated by the absence of frost on the ma- 
chine suction line. A drum of carbon dioxide should be connected to 
the charging valve and sufficient gas allowed to enter the system to 
restore the pressures to normal. Any machine wUl develop only a 
fraction of iU cooling capacity if the system is short of gas. An over- 
charge of gas will be indicated by an increase in the discharge pressure 
over that corresponding to the condensing water temperature, and is 
caused by using warm condensing water after having recently charged 
the system when using cool condensing water — conditions which would 
arise upon entering the Gulf Stream from surroundii^ cooler waters. An 
overcharge within reasonable limits is conducive to high efficiency in 
operation, and if a high discharge pressure is due to this cause alone 
plant should not be disturbed. 

86. Leaking compressor valves. — In a single-acting twin-cylinder ma- 
chine leaking valves are indicated if the discharge end of one cylinder w 
cold while the discharee end of the other cylinder is warm. A leaking 
or stickuig valve will also be indicated by uneven vibration of the pres- 
sure gauges. In a double-acting single-cylinder machine, in which a 
^ diflchaige valve is leakii^, the valve having the hottest cap is the one 
* that is leaking, while if a suction valve is leaking the gas can be heard 
hissing throu^ on the discharge stroke if the ear is placed close to the 
bonnet. 



Vt, To overhaul the valves, the compreasor should be shut 4own^ «nd 
the suction and discharge stop valves at the compressor dosed, llie 
compressor valves should then be removed and both valves and seats- 
cleaned of oil, scale, chip, or other foreign matter and, if ne cocoa iy^ 
reground. 

88. In machines with valve seatings making double Joints see that botii 
the bonnet joint ring (fiber or copper) and the valve joint ring are equaUy 
compressed. This must be careiully looked after or a leaky joint will 
ensue. If the impression on the two rings is unequal, add paper washen 
under the lighter one until the impression is equalized. Leaking at the 
bonnet joint will indicate itself outside, but a leak at the valve-seat joint 
will not be perceptible except in reducing the work done by the maehine. 
Compressor suction and discharge valves should be examined at least 
every six months and replaced or r^round, if necessary. 

89. Worn or defective packing. — if difficulty is experienced in n^ain- 
taining the correct pressures and the compressor valves are not leaking 
or the system is not short of gas, the trouble is probably due to worn piston 
packing or rings. If found necessary after examination, the piston 
leathers or rings should be retiewed . Xt shoidd not be necessary : to mtew 
cast-iron piston rings oftener than once every six months, while piston 
leathers, if fitted, usually need renewal about once a week. 

In case there is a leakage of gas, the piston rod or crank-shaft packing 
should be examined and renewed if found necessary. 

90. Lubrication of the cylinders of open-type compressors fitted with 
piston-rod stuffing boxes is accomplished by feeding the oil into open 
E^aces or lanterns in the stuffing boxes, frcHn which point it is carried into, 
the cylinders. In compressors having closed crank cases, the oil which 
is pumped into the hearings also lubricates the stuffing boxes on the crank 
shaft. In each type of machine, the oil forms a seal to assist in prevent- 
ing leakage of gas around the piston rod or crank shaft. It is essential 
that the packing in the stuffins; boxes be well lubricated at all times 
while operating, and to insure this the gland should be adjusted so that 
there is alwa3rs a slight leakage of oil at the outside of the stuffing box. 

91. Moisture in system. — ^Moisture enters the system with the CO^ gas 
during chaiging, and its presence results in the expansion valve and 
small pipes freezing up. A freeze-up will be indicated by an abnormally 
low suction pressure, if it occurs in the suction line between the con- 
denser and the gauge connection. A freeze-up of the suction trap will 
cause a rise in the suction pressure if it is located between the gauge con- 
nection and the compressor. 

92. To thaw and remove water from the system, open all valves, in- 
cluding the expansion vsdve, as wide as possible, run the machine, and 
circulate the combined liquid and ^as through the system without any 
expansion. This warms up the entire system, thaws the ice, and allows 
the water to be carried over into the traps, from which it can bo drained. 

A gas drier or moisture absorber installed in the charging pipe will 
prevent moisture entering the system while charging. A gas drier 
suitable for use with carbon dioxide is described in article 220. 

93. Care in storing and handling drums while charging, as described 
in article 73, will also minimize the amoimt of moisture entering the ' 
system. 

94. Dirt and excessive oil in system. — Dirt and other foreim matter 
should be removed from the system when first started up and after every 
overhaul; otherwise the compressor valves will become scored and leak. 
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96. Excessive oil in the compressor will be carried over into the 
expansion coils, in which it will congeal and form a coating on the inside 
of the pipes and, as has been explained, reduce the refrigerating capacity 
of the machines. 

96. A fluctuating suction pressure, such as a gradual lowering of the 
pressure without any change in the discharge pressure, followed by a 
rapid or gradual rise in the suction pressure without apparent cause, 
indicates the presence of oil or other foreign matter in the system. 

97. By opening the expansion valves and circulating warm ^as for a 
short time the oil or other matter may be forced into the traps, tne drain 
valves on which should be opened at frequent intervals until the system 
is clear. 

98. If this does not liberate the forei^ matter, the condensing water 
supply may be reduced or shut off entirely for a short period of time 
only in order that the hot gas may circulate through tne system and 
melt the congealed oil, which will then be deposited in the traps. It 
it is necessary to shut off the condensing water, care should be taken 
that the pressure does not become excessive. 

99. Leak in system. — ^A leak in the system will be indicated by a 
drop in suction and discharge pressures, after sufficient gas has been 
charged into the system. If the leak is in an exposed part of the system, 
it can be found by examining all joints with soapy water or a lighted 
candle. 

100. If a leak exists in a tube of a double-pipe condenser or in a coil 
of a shell and coil type condenser or brine cooler, it is more difficult 
to detect. One method of finding such a leak in double-pipe condensers 
is to close the main supply and discharge valves in the condensing 
water line and then close the water valves at the top and bottom of all 
except one condenser section. Remove the bonnet of the top valve 
of that section, and if CO2 is escaping in that section it will bubble out 
through the water. If there is no evidence of a leak, the test can be 
carried out with the other condenser sections. 

101. The same procedure can be followed in detecting leaking coils 
in shell and coil type condensers and brine coolers. 

102. Another method which can be adapted to aJl types of condensers 
and brine coolers is to insert a pressure gauge in the thermometer fitting 
in the condensing water or brine lines alter closing the supply and 
discharge valves in the line. In case a leak exists, the pressure recorded 
on the gauge will rise, due to the escape of carbon dioxide into the water 
or brine system. 

103. Tlie exact tube which is leaking in a double-pipe condenser 
can be ascertained in this manner by removing the return bends and 
closing the ends of the tube being tested with temporary plugs 6r caps 
into one of which the gauge can be screwed. The tube on which the 
gauge shows a rise in pressure is leaking and should be replaced. 

104. To insure ao;ainst leaks occurring: in pipe joints, it is essential 
that care be exercised in making up these joints. Figure 7 shows a 
flanged pipe joint, fiber-gasket type, as used with apparatus furnished 
bv the American Carbonic Machinery Co. and Kroeschell Bros. Ice 
Machine Co. Figure 8 shows a flanged pipe joint, copper-gasket type, 
as used with apparatus furnished by the York Manufacturing Co. 

62880—21- 
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In making up both types of joints the encis of the |>ipes should be 
faced or filed perfectly square. In the joints shown in figure 7 the 
ends of the pipes should project not more than ^ inch beyond the faces 
of the flangeSi while in tne joint shown in figure 8 the pipe screwed in 
the plam nange should project i inch, and the pipe in the female flange 
shomd be fluan with the face of the flange or project very slightly. 

The flanges should be a fairly tight flt on the pipe, but the threaded 
portion ne^ not be gas-tight, as the sealing effect is made by the gasket 
Detween the ends of the pipes. 
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Fio. 7.~^omplete flanged pipe couplingi fiber gasket type. 




Fig. S.— Complete flanged pipe Joint, copper gasket type 
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Before inserting a gasket the pipe ends should be cleaned of dirt or 
scale which may have become lodged on them. The joints should be 
drawn up evenly and should be followed up occasionally, especially 
during the first few weeks of operation. 

106. A usual place for leaks to occur is around the G0« stop valve 
stems, and a careful inspection of these valves should be maae frran time 
to time. 

106. To assist in detecting leaks, a small (quantity of ether or oil of 
peppermint can be placed m the charging pipe and injected into the 
system with the OO2 gas about once a month. This will render the gas 
in the system odorous, and the fact that a leak exists can be determined 
by the sense of smell. 

107. To pump down a section of the plant — The procedure to be fol- 
lowed in pmnpin^ down a section of the plant will vary with different 
installations, but it is possible to transfer the greater portion of the gas 
from any one condenser to another, if more than one is installed, and 
from the brine cooler or cooling coils in the rooms, in a direct expansion 
plant, to the condensers, by proper manipulation of the valves. 

When pumping out any portion of the plant, do not pump down 
below 120 pounds or 8 atmospheres. Allow the gas remaining in the 
section to be opened up to blow to the atmosphere. 

108. TTse of trap drains. — ^The oil traps on the gas Ime between the 
compressor and the condenser and the return trap on the suction line 
^omd be blown out once or twice a day. If the oil expenditure is very 
well regulated, the traps need not be blown oftener tnan once a day. 
Great care should be exercised in blowing traps so as to remove all the 
oil with the least loss of gas. The drain valve should be opened and then 
closed after a very short interval to allow the oil to agam settle to the 
bottom. The opening and closing should be repeated until all of tiie oil 
is removed. When opportunity offers, and especially during overhaul, 
remove the covers from the traps and clean them thoroughly. When the 
plant is new the traps should be cleaned frequently. 

109. Opening the compressor or piping. — Before opening the compressor 
for examination close the suction and dischaige stop valves tight. The 
joint between the head and cylinder should be opened by slacking back 
on the nuts slowly in order tiiat the gas may escape gradually. Likewise, 
in opening joints in the piping or removing valve bonnets the gas should 
be allowed to leak out before completely opening the joint or valve. 

110. For suggestions applicable to all types of machines, see articles 
217 to 222, inclusive, and for instructions for operation of brine and ice- 
making systems, see articles 223 to 227, inclusive. 

Section 3.— ETHYL CHLORIDE MACHINE (CLOTHEL CO.). 

111. Befrigerant. — ^The refrigerant used with this machine is ethyl chlo- 
ride (C2H5CI), a very stable chemical. It has no reaction witii air or 
water, so no chemical change will take place in case either of these enter 
the system. (Every precaution should be taken, however, that air or 
water is excluaed from the system in order that the efficiency of the ma- 
chine will not be impaired.) It has no effect on metals, thus permitting 
a laige choice in the materials to be used in the construction of the ma- 
chines and piping. It is neither poisonous nor has it an obnoxious odor. 
It has decided anaesthetic properties, producing total anaesthesia if inhaled 
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in sufficient quantity. It is not explosive , but is inflammable when suffi- 
cient vapor is present in the air and exposed to a nalrod flame or electric 
spffk. in handling or testing for leaKs in the apparatus, care should, 
tnerefore, be exercised that no flame or electric apparatus liable to pro- 
duce a spark is in the immediate vicinity. 

112. Principle. — ^The principle upon which the system works is the 
same as that of the OO2 plant previously described. Ethyl chloride, 
however, will liquefy under much lower pressures than either carbon 
dioxide or ammonia and the apparatus is, therefore, designed for these 
lower pressures, the maximum pressure in the condensing or high-pressure 
side of the system being about 25 poimds "per square-inch gauge with a 
temperature of outgoing condensing water of 100° F. 

118. Description of apparatus. — ^The ^-ton equipments of this t^V^ which 
have been installed in naval vessels have been modified at various times 
until there are three distinct arrangements of apparatus of this size, in 
each of which there are variations in the arrangement or design of certain 
parts of the equipment. 

The first equipments of this type to be furnished were mounted on 
the side of the refrigerator box, and a diagrammatic layout of the appa- 
ratus and piping is shown in figure 9. The chemical in a gaseous state 
is compressed and discharged by a rotary compressor through a lubricant 
separator into a vertical condenser, in which it is condensed to a liquid 
state by the cooling effect of the circulating water. From the condenser 
the liquid ethyl chloride passes to the lubricantraccumulating tank and 
then to a ball-float trap, m which the flow of the liquid into the low- 
pressure side of the system is contrelled by a float valve. 

From the trap the ethyl chloride, in a gaseous state, passes through the 
catchall tank to the expansion grid or cooler, and, having extracted heat 
from the contents of tne refrigerator box, passes to the suction side of 
the compressor and the cycle is repeated. 

The lubricant trapped in the separator is drained to the condenser and 
thence to the lubricant-accumulating tank. 

Lubricant is charged into the system by means of a hand pump which 
discharges into the drain line from the separator. 

A suction strainer and vacuum gau£;e is fitted in the compressor suc- 
tion line, and a pressure gau^e is fitted in the compressor discharge line. 

The layout of the first equipments to be furnished mounted on top of 
the refrigerator box differed from that described above in that a hori- 
zontal condenser was used instead of a vertical one and the catchall tank 
was omitted, the refrigerant expanding directly from the trap to the 
expansion grid. Also the separate lubricant line from the condenser to 
the accumulating tank was omitted . This layout is shown diagrammatic- 
ally in figure 10. 

Further modifications in later equipments were the substitution of a 
differently constructed separator ana the omission of the lubricant- 
accumulaticg tank. Also the separator was relocated below the con- 
denser, the discharge ^ from the compressor passing directly to the 
condenser and the lubricant being drained direct to the compressor from 
the separator. A diagrammatic layout of this equipment is shown in 
figure 11. 

114. Compressor. — ^The compressor used with the Olothel system is of 
the rotary type and is shown in figure 12. It consists of a cylindrical 
rotor installed eccentrically in its casing and fitted with four blades. 
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Fia. 9.— DiagraBiinatic arrangement of ethyl chloride refrigerating equipment. 
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a. 10.— Dlagruimatic uraDgemeDL of ethyt chloride retrig«ratiiig equipment. 
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Fio. 11.— Diagrammatic arrangement of ethyl chloride refrigerating equipment. 
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Fw. IZ.— CoBStructloDBl Details otKotBrrCompresior. 

These blades are free to move radially in elote milled in the rotor and 
are held apart by spacing pins betwoon oppoaita blades. Half-round 
packing stnpe are fitted to the ontor edges of the blades and make con- 
tact with tiie walla of the caaing. 

The gas is drown in and discharged through ports in the walls of tha 
caaing by the revolving rotor, which can 1 e either electric or steam 
driven. 

The compressor heads are cored and the hollow portions connected to 
the" condensing water supply to avoid undue heating of the compreasof 

The compressor is lubricated by glycerine, which should be chemically 
pure and free from water or other adulterants, fed through a strainer and 



KBVaiSBKATZHQ 7I.AHI8. U 

A connection u kloo 



Ctntnressat 

fNSMPSHh 



YLGaaitiDE.. 



WMTCfhuer 



IK£ TO 
'K. 

DlSCHMK 



Fio. 13.— VarticBl cu 



48 KEVBlBWBLATma KAiTTS. 

116. Condenser. — ^With i-Um compreesors mounted on fhe side oi fhe 
refrigerator box, a vertical ethyl-chloride condenser was fumiibed. 
The construction of this condenser is clearly shown in figure 13. The 
cooling water enters the bottom head, passes through the tubes, and 
leaves the condenser throu]^ a pipe screwed into me top tube-sheet 
head and which passes through a stuffing box in the top condenser head. 
The ethyl chloriae which has been discharged from the compressor enters 
the toj) head and circulates around the tubes, the condensed refrigerant 
collecting at the bottom of the condenser. Some lubricant is carried 
over into the condenser and, being heavier than the refrigerant, falls to 
the bottom of the condenser and is drawn off to the accumulating tank as 
shown in fif^ure 13. 

The liquid ethyl chloride is discharged to the lubricant-accumulatiog 
tank through a pipe extending into the condenser about 5 inches above 
the bottom tube sheet. 

With J-ton compressors mounted on top of the refrigerator box a 
horizontal condenser is furnished. This condenser is similar in con- 
struction to the ordinary steam surface condenser, the cooling water 
making six passes through the tubes. 

116. A further modification which has been made in the horizontal 
condenser consists of the use of U -tubes instead of straight tubes, which 
eliminates one tube sheet and one condenser head, the condenser beii^; 
similar in construction to the brine cooler shown in figure 19. The cool- 
ing water makes four passes through the tubes in this condenser. 
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Fig. 14. 
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117. Lubricant separator. — ^As a considerable amount of lubricant is 
contained in the discharge gas from the compressor, a separator is placed 
in the high pressure side of the system. Two types of separators have 
been furmsihed, they beine shown in figures 14 and 15. The separator 
shown in figure 14 is instsdled in the discharge line between the com- 
pressor and condenser. The separator shown in figure 15 is installed 
below the condenser and the mixture of refrigerant and lubricant passes 
through the condenser before entering the separator. The type of 
separator shown in figure 15 is the one at present being furnished with 
Olothel installations. 

118. Lubricant-accumulating tank. — ^This tank contains a coil through 
which cooling water from the condensing water supply line is circulated 
and acts as a receiver or reservoir for the liquid ethyl chloride and the 
lubricant. 

With installations as shown in figure 9, the lubricant, being heavier, 
enters near the bottom of the tank and is returned to the compressor 
through a connection in the bottom head. The liquid ethyl chloride 
passes to the ball-float trap through a connection in the top head. A 
arain connection is fitted to the lubricant outlet in the bottom head. 
This tank is shown in figure 16. With installations as shown in figure 
10, the lubricant and ethyl chloride pass from the condenser to the 
accumulating tank through a common pipe, and the lubricant falls to 
the bottom. The lubricant connection on the side of the tank near 
the bottom is either plugged or fitted with a valve and used as a drain. 

This tank is omitted from the latest equipments. 

119. Ball-float trap. — ^The flow of the refrigerant from the hi^h-pressure 
side to the low-pressure side of the system and its expansion from a 
liquid to a gaseous state takes place through a trap and is controlled by 
a valve, operated by a ball float. This trap is shown in figure 17. The 
discharge valve, which closes against the pressure, is opened by the 
ball float when the level of the liquid refrigerant in the trap rises and 
is closed by the weight of the float when the level of the refrigerant falls. 
The hand wheel located on top of the discharge end of the trap controls 
the trap-adjusting valve and is used to hold the discharge valve open 
when necessary, but should not be used to control the operation of the 
discharge valve when the system is in use and is o|)erating properly. 
The level of the liquid refrigerant in the trap at which the discharge 
valve will open can be regulated by adjusting the length of the discharge 
valve stem. This is done by removing the head of the trap (having 
first emptied the system of refrigerant as described in articles 137 to 141, 
inclusive), slacking back the lock nut on the valve stem, and screwing 
the stem in or out of the fitting to which it is attached. By screwing the 
stem into the fitting-^that is, reducing its length — ^the level at which 
the valve will open will be raised, whfle the reverse will be the case if 
the valve stem is lengthened. Care should be taken not to bend the 
valve stem and to tighten up the lock nut on the valve stem after the 
adjustment has been made. 

120. A vent line is run from the top of the trap to the condenser in 
installations arranged as shown in figures 9 and 10 and to the compressor 
suction strainer in installations arranged as shown in figure 11. The 
purpose of this vent pipe is to release any gas which may collect in the 
trap. The valve in tiiis vent line in installations shown in figures 9 
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Fig. 15.— Lubricant separator. 



KirEIOEAATIHO PLAITTS.. tf 

Bjid 10 e^ould be wide open when operating, while in inirtallBtlonB 
riiown in figure 11 this valve should be open one-quarter of a turn. 
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ISl. Ciiiftfcia teak.— This tank hMa been omitted bom later installa- 
tionB ci ethyi-dilaride machinea, it having been fnmuhed only witti 
^ton equipments mounted on the aide of the re frigerator box. Its 
pmpoae is to mitrap any lubricant or foreign matter whidi may be 
earned over by the refrigerant and iHuch was not removed in the sepa- 
ratcR', condenser, lubricant-accumulating tank, or trap. The conatruo 
tkm of the catchall tank ia shown in l^gure 18. The tank should be 
drained at frequent int^vals in order that the foreign matt^ wUl not 
be carried over into the cooler. 
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Fig. is. 



122. Cooler or ezjiansion grid. — In ethyl-chloride syBtems of i-ton 
capacity, as installed in naval vessels, the refrigerant is expanded directly 
into a cooler or expansion grid contained in the refrigerator box. This 
cooler is built up of welded wrou^t-iron pipe and is of the same con' 
struction for all equipments of this size except for changes in connec- 
tions. The changes are shown in figures 9, 10, and 11. After abstracting 
the heat from the contents of the box, the gas in the expansion grid 
X>as8e8 to the compressor and the cycle of operation is repeated. 

123. Brine cooler. — ^Where larger units than ^ton capacity are io- 
stalled and the cold-storage rooms are cooled by brine, a brine cooler is 
substituted for the expansion grid and the gas is expanded in this cooler, 
extracting heat from the brine, which is circulated by a rotary pump 
driven from the compressor shsit. The brine cooler is shown in figure 
19. The apparatus used with the brine system is similar to that shown 
in fi^^ure 11, except for the substitution of the brine cooler for the ex- 
pansion grid. 

124. To start machine (refer to figs. 9, 10, and 11). — ^Be sure that all 
valves in the refrigerant lines, except the. suction and discharge valves, 
are open and the float valve in the trap is free to operate. (The trap- 
adjusting valve should be screwed back as far as possible.) 

Open discharge valve and water-supply valve to compressor and con- 
denser and start the machine. 
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Open the suction valve and lubricant valve and rebate the supply 
of lubricant until a steady atream flows through the aigbt feed gauge. 

186. In order to obtain a flow of water throu^ the condenser it may 
be necBgsarv to vent out the air through the air-vent cock on the con- 
denser head. The cooling water to the compreasor should be regulated 
so that the compressor heads are kept juat lukewarm under ordinary con- 
ditions. The cooling-water valves should always be opened before start- 
ing the machine for any purpose whatever. 

ISO. Pressures. — After the machine is started, the flow of condensing 
water should be r^ulat«d to obtain a discharge pressure approximately 
equal to the pressure corresponding to the temperature of the watCT 
leaving the condenser oa read from the condensing water curve in figure 20. 
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187. An example in the use of this curve is shown by the dotted lines. 
inVhich the temperature of the water leaving the condenser is assumed 
as 65® F. By refuiing from the intersection of the ordinate marked 65® 
with the condensing water curve, it will be seen that the dischaige pres- 
sure should be 8) pounds. The dischaige pressure for any temi)erature 
of condenaiiig water likely to be encountered may be found in a similar 
manner. It is not necessary that the dischaige pressure be exactly aa 
read from the curve, but it should be reasonably close. 

188. The vacuum canied in the low-pressure side of the system de- 
pends entirely on the amount of work the machine is doing and can not 
be regulated as in other types of plants fitted with expansion valves. 
The temperature-pressure curve of ethyl chloride in figure 20 ^ves the 
temperature of the gas corresponding to any vacuum of 26.5 inches of 
mercury or less, as well as the temperatures corresponding to pressures up 
to 30 xx>unds per square inch gauge, and the temperature of the gas in 
this cooling cous or brine cooler will correspond on this curve to the read- 
ing of the vacuum gauge. 

189. To stop machine. — Close the lubricant valve about five minute$ 
before stopping machine. Close the suction vsdve, stop the machine, 
and close the dischaige valve and main water-supply valve. In shutting 
down the machine in cold weather all water skoula be drained from the 
^stem. This should be done as follows: 

180. With main water-supply valve closed and with condenser and 
compressor water valves wide open, open water-drain cocks at bottom 
of compressor heads and air-vent cock on top of condenser water head and 
the water will drain out. These valves and cocks should be left in this 
position until ready to start up again. 

131. To test system for leaks. — ^When it is first installed and before 
bein^ charged with ethyl chloride, the system should be tested for leaks 
as fouows: 

Close the suction valve, purge valve, charging valve, and pump-over 
valve and drain valves on tne lubricant accumulating and catchall tanks 
and exx>ansion grid , if these valves are included in the equipment. Open 
all other valves, including the lubricant-regulating valve. Open the 
float valve in the trap by screwing down the trap-adiusting valve. 
Charge the system with lubricant as described in paragraph 142. Break 
the union in the suction line between the compressor and the suction 
valve. Start the machine and run until a pressure of 80 pounds is 
reached. Close the union and test all joints for leaks with soap and 
water. The compressor stuffing box and all valve stuffing boxes snould 
be tested, as well as pipe joints. 

182. To clear the air from the system after testing for leaks, close the 
dischaige valve, break the union in the discharge line between the com- 
pressor and the discharge valve, open the suction valve, start the machine, 
and run until a vacuum of 28 inches or better is obtained. Close the 
union and open the dischaige valve and the machine will be ready for 
charging. 

1387lf it is necessary to test for leaks after the system is chaiged with 
ethyl dbloride, it can be done without drawing off the refrigerant by 
proceeding as follows: 

Close the suction valve, break the union in the suction line between 
the compressor and suction valve, and run the machine until a pressure 



of 80 pounds lb obtained. Oloae the linion, shut down the machkie, 
clooe tne suction valve, and test for leaks. If it is deored to test the lew- 
prtssure side of the system also, the float valve in the trap should be 
held open by screwing down on the trap-adjusting valve. Before starting 
the machine again the air should be puiged from the system tbvoi:^ the 
pone valve at the top of the dischar^ line from the compressor cft on top 
of the condenser, its location varying in different installations. The 
purge value should be left open until the pressure drops to a point con- 
aistent with the temperature of condensing water or until ethyl chloride 
starts to come out as indicated by its odor. 

184. To charge system with ethyl chloride. — A vacuum should be put 
on the entire system as follows 

Oloae the discharge valve and suction valve. Open all otheir valves 
in the disdiaige and suction lines (not including ptuge or drain valves) 
and screw the trap-adjusting valve all the way down. Break tiie union 
between the compressor and discharge valve. Start the madiine and 
open the suction valve slowly. Run the machine until the maximum 
vacuum of which it is capable is obtained (this should be from 28 to 
30 inches). Shut down the machine, close the union on the discharge 
line, close the long valve^ and open the dischaige valve. Oonnect the 
hose from the ethyl-chlonde drum to the charging valve and open the 
valve on the drum first to test the hose for leaks. Start the machine, 
stand the drum on end, as shown in figure 21, and open the charging 
valve and the ethyl chloride will be drawn into the system. 




Fig. 21. 

136. After the required amount has been drawn in, close the valve on 
the drum, wait about one minute to clear the hose of gas, and close the 
charging valve. Open the kin^ valve and screw the trap -adjusting 
valve back as far as possible, which allows the float valve in the tran to 
operate. Alter disconnecting the hose and plugging the charging valve, 
the system is ready for operation. 

136. To add ethyl chloride while machine is in operation.— Close 
the long valve, connect the hose from the ethyl chloride drum to the 
charging valve, screw down the trap-adlusting valve, open valve on 
drum and charging valve, and the ethyl chloride will be drawn in. When 
a sufficient amount has been added, open the king valve, screw the trap- 
adjusting valve back as far as possible, close the valve on the drum, 
wait about one minute, and close the diarging valve. Discormect the 
hose and plug the charg^oig valve. 
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137.^ To drain system of ethyl chlozide.-jT-IThe procedure to be followed 
in draining the system of ethyl chloride varies sughtly. wiih the (tifferent 
installations. With equipments arranged as shown in figures 9 and 10, 
proceed as follows: 

With the machine running^ close the trap-shut-off valve, open the 
float valve in the trap by screwing down on the trap-ad>ustin^ valve, and 
connect the hose from a partly filled or empty ethyl-chlonde drum to 
the chaiging valve. Open the valve on the drum and test the hose for 
leaks. Open the chaigmg valve and the ethyl chloride will be pumped 
into the arum. When the necessary amount has been drawn off, close 
the charging valve, close the valve on the drum, disconnect the hose, 
plug the charging valve, and open the trap-shut-off valve. 

138. It it is desired to empty the system completely, keep the drum 
connoted to the charging valve until a vacuum of 28 inches or better is 
obt»tned. Close the charging valve and the valve on the drum^ dis* 
connect the hose, and plug the charging valve. Close the king valve, 
open the trap-sihut-off valve, and shut down the madiine. Close the 
lubricant-regulating valve, ox)en the drain valve on the lubricant- 
accumulating tank, and draw off the lubricant as described in article 143. 
When the ethyl chloride starts to flow, close the drain valve and attach 
the hose from the ethyl-chloride drum to this valve. Open the drain 
valve, start the machine, and the ethyl chloride will be pumped into the 
drum. In warm weather it may be necessary to put an air pressure on 
the system between the compressor and the fclng valve in oraer tp drain 
out all of the chemical. To do this, with the drum still connected^ as 
above, close the suction valve, break the union between the suction 
valve and the compressor, smd run the machine until all of the ethyl 
chloride is out of tne gauge glass on the lubricant-accumulating tank. 
Do not allow the pressure to go beyond 80 pounds per sqtLate inch. Close 
the charging valve and the valve on drum and disconnect the hose. 

139. With the equipments arran^ as shown in figure 11, to partially 
empty the system of ethyl chloride, close the king valve wnile the 
machine is running and continue operating until no ethyl chloride shows 
in the gauge glass on the trap. Close the trap-shut-on valve and open 
the king valve. Connect the drum hose to the charging valve and pro- 
ceed as described above. 

140. To empty the system completely, run the machine with the drum 
connected until a vacuum of 28 inches or better is obtained and then 
disconnect the drum as described above. Close the king valve, open 
the trap-shut-off valve, and stop the machine. Draw off the lubricant 
as described in article 143. When the ethyl chloride begins to flow out, 
cloee the lubricant pump valve and connect the drum hose to the lubri- 
cant drain. Start the machine, open the lubricant pump valve, and 
the ethyl chloride from the separator will be pumped into the drum. 

141. In case it is necessary to put an air pressure on the systmn, piKh 
peed as described above and run madiine unto all ol the ethyl chloride 
is out d the condenser gauge glass, care being exercised that the pressoie 
does not exceed 30 pounds per square inch. Always stand the drum 
upright, as shown in figure 22, when emptying tne system of ethyl 
wionde. 
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FlQ. 22. 

142. To ohazge system with lubiioant— The lubricant, which is chem- 
ically pure glycerine, is chaiged into the system by means of a hand 
pump. • 

With apparatus arcanged as shown in figure 9, the valve in the lubricant 
drain line from the separator should be closed and the lubricant pump 
valve opened, after ^^ch the necessary amount of lubricant can be 
pumped into the system. 

With apparatus arranged as shown in figures 10 and 11, it is only 
necessary to open the lubricant pump valve and operate the hand pump. 

The lubricant can be pumped into the system with the machine run- 
ning or shut down. 

The initial charge of lubricant is about 2 pounds. 

148. To drain system of lubricant— With systems arranged as shown in 
figures 9 and 10, the lubricant is drained off through the drain vidve on 
the lubricant«ccumulating tank. The system shown in figure 11 is 
drained of lubricant by removing the plug in the fitting between the 
lubricant-pump valve and the lubricant pump. By opening the drain 
valve on the lubricant-accumulating tank (if installed), or the lubricant- 
pump valve in the system shown in figure 11, the lubricant can be 
drained off into a pan or other receptacle. When ethyl chloride begins 
to.fiow, the valve should be closed. 

144. Lubricant should be replaced in the system when it becomes too 
thick to flow freely through the sight-feed gauge on the compressor. 

146. Lubricant, when once used and drawn from the system, should 
not be used again. 

146. The machine should be shut down when drawing off lubricant to 
avoid loss of ethyl chloride. 

147. To drain expansion grid or brine cooler. — One-half ton installation 
shown in figures 9 and 10 and larger machines operating with a brine 
cooler are fitted wil^ a pump-over line for draining the expansion grid 
or brine cooler of lubricant which may have been carried over with the 
ethyl chloride. This is accomplished by closing the suction and trap- 
^ut-off valves, opening the pump-over -mve, and running the machine 
about 15 minutes, after which the pump-over valve should be dosed and 
the suction and trap-shut-off valves opened. This pumping-over should 
be done about once a week when starting the machine. 

148. By closing the king valve and screwing down on the trap-adjustiDg 
valve when pumping-over and keeping the trap-ehut-off valve open the 
trap can also be pumped out. 
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148. Expanflioii grids fumiahed with equipments arranged as in figure 
11 are fitted with a drain valve in the bottom header and the pump-over 
line is omitted. 

150. Equipments shown in figure 10 are also fitted with a hot gas line 
by means of which the dischaige gas from the compressor can be led to 
the low-pressure side of the system in order to heat and soften the lubri- 
cant, in case it became too cold to be pumped out readily. 

101. Abnormally lilgh discharge pie88iue.--This may be caused by an 
insuficient supply of condensing water, by air in the system, or by airty 
condenser tubes. The pressure of the ethyl chloride should correspond 
to the temperature of the outgoing condensing water as given in figure 20. 

168. If increasing the supplv of circulating water fafis to decrease the 
abnormal discharge pressure of the ethyl chloride, stop the machine and. 
after waiting about five minutes, open the purge valve. When ethyl 
chloride begins to flow out, close the purge valve. Do not attempt to 
purge the system while the mocAtne U runnxjhg. 

163. If, after purging and again starting the machine, the pressure 
continues to build up, it indicates a leak in the suction side of the system, 
which should be found by proceeding as described in article 131. 

164. Do not make repairs on the renrigerant lines without first drawing 
off the ethyl chloride. 

166. In case of continued hi^h pressure, the water side of the condenser 
tubes should be cleaned. This condition will also cause the difference 
in temperature of the inlet and outlet condensing water to be very small, 
indicating reduced transmission of heat through the tubes. 

166. Abnormally high vacuum. — If accompanied by a low dischane 
pressure, abnormally hi^h vacuum indicates a loss of ethyl chloride 
through a leak in the high-pressure side of the system, wmch can be 
found as described in article 131. 

167. Abnormally high vacuum may also be caused by an obstruction 
in t^e liquid line between the trap and cooler or by the float valve in 
the trap becoming stuck to its seat. Either condition would be indicated 
by the gauge glan on the trap filling up with liquid ethyl chloride. In 
such a case screw the trap^aajusting valve down as far as possible, and 
when the gauge glass empties screw this valve back again. 

168. If tiie gauge glass does not empty when the trap-adjusting valve 
is screwed down, it indicates an obstruction in the line between the 
trap and cooler. Clean the line, after first drawing off the ethyl chloride. 

160. Abnormally low vaciiiun. — ^This is caused by loss of the lubricant 
and is accompanied by a normal discharge pressure. Loss of lubricant 
is also indicated by liquid ethyl chloriae instead of lubricant flowing 
through the lubricant mght-feed glass and by the disappearance of the 
lubricant from the gauge glass on the lubricant-accumulating teuiik or 
on the condenser if this taiSc is not installed. The color of the lubricant 
through the gau^ class is dark, while that of ethyl chloride is light. To 
remedy, pump m lubricant while the machine is running until it flows 
freely through the sight-feed gauge. 

160. If lubricant shows in t^e gauge glass on the condenser or lubricant- 
accumulating tank, but does not flow through the si^ht-feed gauge, put 
a pressure on titie system by shutting off the condensing water for idoout 
five minutes and running the machme with a discharge pressure of 25 



to 30 pounds. Do not allow the presswre to exceed SO pounds. If lubricant 
edU ^l not flow add about i pound to the system. , 

161. Care of yalves. — ^All valves should be ineroected about once a 
month and the stuffing boxes tested for leaks. Glycerine cup valves 
cQiould be cleaned and refilled about once every two months. 

168. Functions of Talves (refer to figs. 9, 10, and 11).— The location 
and functions of the various valves are as follows: 

(a) Discharge valve. — ^In discharge line from compressor;— to be wide 
open when machine is running aud closed when machine is shut down. 

(b) Suction valve, — ^In suction line from cooler— to be wide open 
when machine is running and closed when machine is shut down. 

(c) King valve. — ^In liquid refrigerant line between lubricant-accumu- 
lating tank and trap in %ure8 9 and 10 and between separator and trap 
in figure 11 — ^to bo wide open when machine is running and closed only 
at such times as noted in the foregoing instructions. 

((f) Charging valve.— On. side of trap m figures 9 and 10 and in liquid 
refrigerant line between king valve and trap in figure 11 — ^to be open 
when charging system or dravdng off ethyl chloride and to be closed 
and x>lugged at all other times. 

(e) Trap-adjusting valve.--^n top of trap at outlet end —to be screwed 
bacK as far as possible at all times except as noted in the foregoing 
instructions. 

( /) Trap'Shut-off valve. — ^In liquid line between trap and catchall 
tank in figure 9 and between trap ^id cooler in figures 10 and 11-^ be 
wide open when machine is runninc: and closed onlv as noted in the 
foregoing instructions. 

(g):Pur^e valve. — ^At top of compressor discharge line in figure 9 suad 
on top of condenser in figures 10 and 11 — ^to be opened only when pui^ging 
air from the system and closed and plugged at all other times. 

(h) Chemical vent valve. — ^In vent line between tmp and condenser in 
figures 9 and 10 and between trap and suction strainer in figure 11 — to 
be wide open in installations shown in figures 9 and 10 and open one 
quarter turn with installations shown in figure 11 while operating. 

(i) Lubricant-regulating valve. — ^In lubricant line between lubncant- 
accumulating tank and compressor in figures 9 and 10 and between 
separator ami compressor in figure 11 — ^to be open when machine is 
running and closed when shut down. 

(j) Lubricant pump valve. — ^Between lubricant pump and lubricant 
line— to be open when pumping lubricant into system or draining lubri- 
cant and etliyl chloiide out of system and closed at all other times. 

(k) Pump^Qver valve. — ^In pumjp-over line between cooler and suction 
line — to be open only as noted in the foregoing instructions and closed 
at all other tunes. 

(H IJot gas valve . — ^In hot gas line between compressor discharge and 
suction pipes — to be open only as noted in the foregoing instructions 
and closed at all other times. 

liBS. Precautions in operating^-^The following precautions should be 
observed in operating this type ol machine: 

(a) Maintain a steady flow of lubricant at all times. 

(6) Maintain a steady fiow <A water to condenser and compressor at 
all times. 

(c) Garry about 1} inches of liquid in the trap gauge glass when 
operating. 



WBZeBAAXZVa 9LUmL H 

(d) Dndn the water from the B3mtem when shutting down in cold 
isreatlier. 

(e) Use only chemically pure glycerine as a lubricant in tne com- 
pressor. 

(f) Glean the strainers about twice a year. 

(g) Do not attempt to start the machine with the dischaige valve 
closed. 

164. To repair compressor. — ^When the compressor becomes worn so as 
to develop a knock when running or it will not pull 28 inches vacuum 
with the suction valve and pump-over valve closed or the suction valve 
and vent valve closed, if no pump-over valve is installed, it should be 
removed &(»n its base and oveihauled. 

To remove the compressor, first close the suction and discharge valves, 
the lubricant-regidating valve, and the pump-over valve if fitted. After 
breaking the unions in the suction and discharge lines and disconnecting 
the lubricant line, the compressor may be imcoupled from the motor 
or engine and removed &om its base. 

When overhauling the compressor after it has been removed from the 
base, stand it on the back head and remove the stuffing-box head. A 
convenient method of supporting the compressor while working on it is 
shown in figure 23. 

The clearance between the walls of the cjrlinder and the packing 
strips should be between 0.002 inch and 0.004 inch at all points so that 
the rotor will turn freely. This clearance should be measured at all 
points, such as A, 6, G, D, etc., in figure 23. 

In case the packing strips are worn and the clearance exceeds 0.004 
inch, the hexagonal spacing pins can be stretched by hamm^ing them 
on all the flat sides until the proper clearance is obtained. 

If the wear on the packing stnp is sufficient to warrant it, replace the 
old strips with new ones. 

Replace the blades and spacing pins in the same places from which 
they were removed, as indicated b^ the numbers on the ends. The 
blades chould be replaced with the oil grooves on the side away from the 
pressure as shown in figure 23. 

When the head is replaced, see that the jacking screws are backed out 
and the dowel pins are in their proper places. 

Draw the head up tight, as any excess and clearance will impair the 
efficiency of the machine. The rotor should not bind when turned over. 

If, after the spacing pins are stretched and the clearance between the 
packing strips and the cylinder is reduced to not more than 0.004 inch 
the compressor wiU not pull a 28-inch vacuum, it is probably due to 
wear gb the rotor, and a new rotor should be installed* 

^^^bea r^iewing the packing in the stuffing box, care must be taken 
that &e lantern gland is replaced under the connection from the lubri- 
cant line. 

Keep all dirt from the compressor when replacing parts after overhaul- 
ing, it is not advisable to remove both heads at the same time^ as the 
assembly of the machine is thereby made considerably more difficult. 

The compressor cylinder should never be rebored under any circum- 
stances, as the cylinder is bored elliptically, the work being done in a 
special fixture. * 
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165. Cleaning the brine cooler. — In case it is necessary to clean the 
brine-ccx)ler tubes, the refrigerant and brine should be drawn from the 
system, the brine-cooler head taken off, and the tubes cleaned inside 
and outside. In replacing the head, care should be taken in fitting the 
rubber gasket in the grooves, and the hesd should be put back very 
securely to prevent leaks. 

After replacing the head, the system should be tested for leaks before 
it is recharged. An indication of dirty brine tubes is inability to cool 
the brine to a low temperature with the machine operating with proper 
ethyl-chloride pressures, accompanied by a very small difference be- 
tween the temperatures of the incoming and outgoing brine. 

166. Brine in congealing tank. — ^The expansion grid furnished with 
}-ton equipments arranged as shown in figures 9 and 10 is fitted in a con- 
gealing tank in the refngerator box, and this congealing tank should be 
kept nlled with brine of sufficient density to prevent its freezing. The 
density of the brine should be from 1.125 to 1.18, the corresponding 
freezing points being given in the table of calcium-chloride solutions. 
The specific gravit}^ should be taken about once a month and strong cal- 
cium-chloride solution added if the mixture is weak. 

167. For suggestions applicable to all types of machines see articles 
217 to 222, and for instructions for operation of brine and ice making 
systems see articles 223 to 227. 

Section 4.— AMMONIA MACHINES. 

OPERATION. 

168. Principle. — ^The |)rinciple of this machine is the same as in the 
CO2 machine. ^ The refrigerant is ammonia anhydride, a colorless, irre- 
spirable gas, with an easily recognizable odor. It is slightly combustible 
when mixed with a sufficient proportion of air, and when mixed with 
twice its volume of air is capable of being exploded with great violence. 
It attacks copper and its alloys, so that sone of these can be used in the 
construction of parts ot the machine that come in contact with ammonia. 
Ammonia liquifies at a pressure of 128 pounds per square inch at a tem- 
perature of 60® F., and the liquid boils at a temperature of 4° F. at atmoeh 
pheric pressure. 

In this machine the gas is drawn from the system into the compressor 
cylinder and compressed to about 180 i>ounas per square inch. The 
work of compressing heats the gas, which is then discharged through the 
oil interceptor to the condenser, where the circulating water cools the 
gas and condenses it to a liquid. From the condenser the liquid passes 
to the liquid receiver, then through the main liquid valve to the regu- 
lating (expansion) valve, and then to the cooling coils in direct-expansion 
systems and to the evaporator in brine systems. From the cooling coils 
or evaporator the gas returns to the compressor at a pressure between 15 
and 30 pounds, completing the cycle of operations. 

16d. Cleaning the system. — ^Before starting a new plant great care 
should be exercised to thoroughly clean all i)arts of the system, as the 
ammonia will loosen all scale and dirt remaining in the system and this 
foreign matter is sure to cause much trouble. 

170. Testing the system. — Before charging a new plant with ammonia, 
or after overhauliug an old one, test it to 300 pounds per square inch with 
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air. To do thiB the stop valve is closed on the suction line, and the 
valves provided on the suction side of the compressor to connect it with 
the atmosphere are opened. In case there are no valves provided, a 
flange joint between me stop valve and the compressor may be broken 
and held apart with wedges. All other valves of the system, excepting 
those whicn communicate with the atmosphere, as drains of oil tank, 
etc., should be open so that the pressure will be removed and eaualized 
over the entire system. The compressor heads are removed ana a very 
small quantity of cylinder oil rubbed on the inside of the cylinder to pre- 
vent heating, but if too much oil is used it mav be the cause of an explo- 
sion. The heads are then replaced and the bolts set up evenly and tight. 
By running the machine slowly, air is drawn in and compressed until the 
entire system of pipes, etc., is under pressure of 300 pounds per square 
inch. Care should be taken to see that stoi> valve on the discnarge pipe 
is open, for otherwise excessive pressure will be had in the compressor 
at starting and a dangerous accident, such as the blowing out of a cylinder 
head, ma>r be the result of the oversight. In pmnping up the air pressure, 
the machine should be immediately stopped if the aischarge pipe or 
compressor become excessively hot. 

Having obtained the desired test pressure in the svstem, the machine 
is shut down and the stop valve on the discharge line is closed, soap 
lather is spread over all the pipes, flanges, valves, and connections, and 
a very close and systematic inspection of the system from the compressor 
to the last joint of the pipe line is carefully made. 

171. Leaks. — ^Leaks at joints should be remedied by tightening the 
bolts or by new gaskets. All leaks are detected by the appearance of 
bubbles in the soap lather; those on the pipes may be round holes, or 
may be in the direction of the pipe length. It is good practice to renew 
any section of pipe that shows any signs of leaks, but if it is not possible 
to renew, the leaks may be repaired by using solder and a short clamp. 
A small round hole is repaired by filling it with solder. Some of the 
holes are very small and can be detectcS only with the aid of a mag- 
nifjdng glass. Every care should be taken to detect and stop them, as 
otherwise more or less loss of ammonia will be incurred when the system 
is charged. 

After all the repair work is done the plant should be allowed to stand 
for several hours, at the end of which tune the pressure will be same as 
at first, provided everything is tight. In any case the gauge should not 
fall more than 20 pounds. 

Before letting the air out it is best to blow through all valves and pipe 
to make sure that they are clear and to thoroughly free the system from 
all dirt and moisture. The air then is let out oy opening the valves at 
the lowest point, or points, on the system, such as at the bottom of the 
oil-separator reservoir^ and expansion coils. 

172. Charging. — It is next necessary to pump the air out of the system 
and to get as near a perfect vacuum as possible. This is done by closing 
the compressor-discharge stop valve and all the valves that communicate 
with the atmosphere. Communication with the atmosphere is then 
made between the stop valve just closed and the compressor. There is 
usually a valve proviaed for this purpose. Next open all suction and 
discharge valves in the system except the one jiist mentioned, and 
start the compressor slowly. By running the compressor the air in the 
system is pumped out imtil the gauge shows 30 inches. If a vacuum of 
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30 inches can not be obtained, at least a 28-incfa. vacuum, should be 
obtained before stopping the compressor. This being done, close the 
discharge valve to the atmosphere and the machine is ready for chaiging. 

Liquid anhydrous ammonia is shipped in cylindrical steel drums. 
They vary in size^ ranginjg; from 50 pounds to 110 pounds. The shell is 
about one-fourth inch thick. A valve is provided at the end for con- 
necting the chaiguig pipe, and a false head over the end of the drum 
protects the valve during shipment. These drums should be handled 
with great care and should never be jarred nor exposed to the heat of the 
gun. Anhvdrous ammonia acts in some cases as an explosive and 
exx>ands when the flask is moved suddenly. When the flasks are stored 
they should be kept in a cool place. A connection for charging is pro- 
vided on or near the liquid-ammonia receiver near the expansion valves, 
and the flask should be connected to this b^ a three-eighths-inch pipe; 
l^e other end should be elevatcKl about 12 inches. The valves on &e 
flask should be opened very carefully at flrst to see that the connections 
are ti£;ht, and then closed. 

If tne connections are found to be tight, turn on the drculatinjg water; 
have a pail of water standing by in case of leaks. If a double-acting com- 
pressor, pump oil in the stiimng box of the compressor; if a aingle-actLn£' 
compressor, see that the gauge glass on the compressor-crank case is hall 
full of ice-machine oQ; open the stop valves on the compressor discharge 
and suction; close the main liquid valve which is between the charging 
valve and the liquid receiver; start the machine running slowly | open 
the charging valve and gradually open the valve on the flask. It is best 
to charge the system by degrees. At the first chaiging about 70 per cent 
of the whole amount to be used is put into the system and thoroughly 
circulated, after which the air will be found in the top of the condenser, 
or at the high point of the system, where it can be allowed to escape to 
atmosphere through the purging valve. Rather than aUow the air to 
escape to the atmosphere it is better to connect one end of a flexible 
rubber hose to the purge cock^ the other end being led into a bucket of 
water. When the purge cock is open the air will come away and will be 
seen in bubbles in the water, ana there will be no smell as lon^ as air 
is coming. When all the air has been driven out and ammonia com- 
mences to pass, the bubles will disappear, the smell of ammonia will 
be noticed, and the purge cock should be immediately closed. The 
remaining ammonia is changed in one or two installments, the air being 
allowed to escape in the same manner before each successive chaining. 
To get all of the ammonia out of the drum, it is advisable to heat the drum 
with hot water, or a blow torch if carefully used. In this wajr the frost 
formed on the inside of the drum is removed and the ammonia is allowed 
to run out. In disconnecting the drum, close the chaigine valve flrst and 
then close the valve on the flask. It Is usual to charee the system with 
one-third pound of ammonia for each running foot of 2-inch pipe or its 
equivalent in expansion coils. Certain installations of the JSrunswick 
1-ton machines reqiured 50 pounds of ammonia to fill the system, and, 
as a rule, when the machine is installed the makers will have supplied 
this information. In charging, it is better to chaige too little than too 
much, because the additional amount may be added at any time. 
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178. Detecting leaks after charging. — Ammonia leaks may be easily 
detected by the use of soapy water or by the use of red litmus paper, as 
follows:- 

(a) Leaks in the condenser: Immerse the litmus paper in the circulat- 
ing-water discharge, and the presence of ammonia, no matter how little, 
wul be indicated by the paper turning blue. 

(6) Leaks in submeiged coil of (evaporator) ice-making or brine box: 
Immerse the litmus paper in the brine, and if ammonia is present the 
litmus paper will turn blue. 

(c) LeaKs in the expansion coil or system: Dampen the litmus paper 
and run it along the coil or pipe and upon coming in contact with the xeak 
the paper will turn blue. 

A more delicate test of the brine and the circulating-discharge water 
may be made by the use of Nessler's reagent. This "consists of 17 grams 
of mercuric chloride dissolved in about 300 cubic centimeters of distilled 
water, to which is added 35 grams of potassium iodide dissolved in 100 
cubic centimeters of distilled water, and constantly stirred until a slight 
permanent red precipitate is produced. To the solution thus formed is 
added 120 grams of potassium hydrate dissolved in about 200 cubic centi- 
meters of aistilled water, allowed to cool before mixing; the amount is 
then made up to 1 liter, and mercuric chloride added until a permanent 
precipitate again forms. After standing for a sufficient time, the clear 
solution can be placed in glass-stoppered blue bottles and kept in a dark 
place. If a few drops of this reagent be added to a sample of the sus- 
pected brine or water in a test tube or other smaU vessel, and the 
slightest trace of ammonia is present, a yellow coloration of the liquid will 
take place; a large quantity of ammonia will produce a dark brown.'* A 
very convenient and sure method of testing tor leaks in exposed piping 
and joints is by the use of sulphur sticks. Melt in a metal receptacle 
ordinary sulphur or brimstone, being careful not to bum it, then dip 
and redip thm strips of wood or cardboard in the sulphur until a coating 
about one-sixteentn inch thick is formed on them. Light one end of a 
sulphur stick made as above and pass it along the part of the system to 
be tested. Any leak of ammonia will be shown by the appearance of 
dense white smoke about the burning sulphur. 

174. Starting. — ^As a rule, every particular type of machine operating 
on this principle has certain distinctive features, but the following 
instructions will generally be applicable to any type of machine. See 
figure 24. To start the machine see that the gauge glass on the compres- 
sor-crank case is half full of oil; see ring oiler on outboard bearing is sup- 
plied with oil; open circulating- water supply valve No. 1 to condenser; 
see circulating-water supply to compressor jacket open. See that suction 
valve No. 3 is closed, open wide discharge by-pass valve A, jack machine 
until at compression point; start the macnine, then be sure to open dis- 
charge valve No. 2, next close by-pass valve A, and oj)en suction valve 
No. 3 one-quarter turn. Run machine slowly until suction gauge shows 
10 pounds pressure, then gradually open wide suction valve No. 3. Open 
liquid valve No. 4 and regulate the regulating (expansion) valves. After 
the machine is started as above, note carefully the temperature of the 
compressor discharge pipe. This pipe should be slightly warm; U it 
becomes hot it is a sign that the liquid ammonia is not passing through 
the re^atinfi valve as rapidly as it should. If at the same time t£e 
frost either wholly or partially disappears from the suction valve it is a 
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sign that the regulating valve should be opened a little more. If the dis- 
diaK;e pipe becomes cooler than it ahould be the regulating valve should 
be cKxsed a little. In adjusting the regulating valve it ahould be remem- 
bered that a very small ^ange m the opening of this valve has a compara- 
tively laige effect on the amount of liquid passing through it and that 
the effect of a slight adjustment of this valve is not apparent for several 
minutes. Do not change the regulating valves unnesessarily, as too 
much adjusting of these valves causes the packing to wear out and leak. 
175. Pressure. — ^The pressure gauges are marked in pressures and the 
corresponding temperature on two concentric circles. The pressure that 
should be carried on the condenser depends upon the temperature of the 
circulating water available, because the ammonia pressure depends ux>on 
its temperature. The condenser pressure should be carried at the pres- 
sure corresponding to a temperature about 10 degrees above the tempera- 
ture of the discharge-circulating water. The pressure corresponding to 
a given temperature can be found from the following table: 

Properties of saturated ammonia gas. 



Tempera- 


Pressure, 


lAtPTit ImaI 


Weight of 


ture, 
Fabrcn- 


pounds per 
square 


of evapo- 
ration. 


vapor, 
pounds per 


beit. 


inch. 


cubic foot. 


100 


200.42 


492.01 


.7153 


90 


167.92 


498.55 


.6120 


80 


139.40 


505.05 


.5205 


70 


114.49 


511. 52 


.4401 


60 


92.89 


517.93 


.3697 


50 


74.26 


524.30 


.3084 


40 


.fi&20 


530.63 


.2554 


30 


44.72 


536.91 


.2099 


20 


83.25 


643.15 


.1711 


10 


23.64 


549.35 


.1383 





15.67 


555.50 


.1107 


—10 


0.10 


561.61 


.0878 


—20 


3.75 


567.67 


.0690 


—30 


—a 57 


573.69 


.0535 


-40 


—iOl 


597.67 


.0410 



For example, if the temperature of the discharge-dix^ulating sea water 
is 80^ F., the condenser pressure should be that which corresponds to 
90^ F., or about 168 pounds. 

The evaporator or suction pressure should be that corresponding to a 
temperature 10** F. below that of the brine in the brine tank, where the 
expansion coils are immersed in brine, and to a temperature 20° F. 
below that of the air if the expansion coils are cooling air direct. For 
example, if the temperature of the brine is 10*^ F., the suction pressure 
should be that corresponding to 0° F., or 15.67 pounds per square inch; 
or if the temperature of the air in rooms cooled by direct expansion 
coils is 20° F., the suction or evaporator pressure should be aoout 15 
pounds x>er square inch. 

If the pressure eiven above, making allowances for differences in tem- 
peratures of circulating water and brme, are maintained and the hands 
of the pressure gauges pulsate at every stroke of the piston, it is probable 
that the machine is working properly. 
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176. To chaige compressor case with oil. — Since in time the oil will loae 
its lubricatinjg value, it should be replaced by new oil once every six 
months. This may be done as follows: First, close liquid valve No. 4 
and operate compressor, pumping down until low-pressure or suction 
gauge L indicates 5-inch vacuum. Then close suction valve No. 3 on 
compressor and stop machine, immediately closing discharge valve No. 2 
on compressor. By-pass valve A should now be opened to allow pres- 
sure in machine to eaualize with low-pressure siae and immediately 
closed again. Then slowly open puige valve No. 9 and purge cock 
No. 10 on the front of the compressor case. Oil-charging valve No. 7 
may now be opened and the old oil drawn out of the case. After all 
the old oil has been drawn out, connect a piece of one-half-inch pipe 
with elbow and nipple pointing upward to oil-charging valve No. 7, and 
attach a funnel, pouring in tne new oil until gauge glass is half full. 
Then close oil-oiaiging valve No. 7, puree cock No. 10, and start ma- 
chine, pumping air out through purge valve No. 9. After the air is all 
pumpied out, close valve No. 9, oj)en discharge valve No. 2 at once, and 
operate machine as usual. When fully charged, the oil level gauge o n 
compressor case should show about one-half full. 

177. Scale traps. — ^The scale trax>s should be examined and cleaned 
out at least once each year, and at least twice in the first year after the 
machine has been installed. This may be readily done when the sys- 
tem is pumped down — ^for instance, when renewing the oilj it being 
necessary only to unscrew the nut on the end of the scale trap in order to 
remove the screen. Before cleaning scale traps on ammonia liquid line, 
be sure to close liquid valve No. 4, and pump ammonia out of liquid 
line between valve No. 4 and scale trap. 

178. Circulating water. — On board ship where the circulating water 
can be supplied at no cost except the small amount of power used it is 
best to use me full capacity of the system, because the lower the tempera- 
ture of the discharee-circulating water the lower the condenser pressure 
that can be carriea and the less the work required of the compressor. 

179. Faulty operation. — If the machine is not working properly it may 
be due to one of the following causes: 

1. Shortage of gas in the system. 

2. Air in the system. 

3. Oil in the system. 

4. Leaking valves. 

5. defective packing. 

180. Insofflcient gas in the system. — ^If the regulating valve can not be 
adjusted so as to keep the compressor-suction pipe fn^ted and the dis- 
charge pipe warm the trouble is probably due to insufficient gas in the 
system. The fact that the system is short of ammonia may be known 
for certain by placing the ear near the regulating valve; if gas is passing 
through the vsuve a distinct whistlinff sound will be heard, but if there 
is no shortage of ammonia only liquicTwill be passing through the valve 
and the sound will be a hissing one easily recognized by tne operator. 
If there is insufficient ammonia add more to the system until the gauge 
glass on the liquid receiver shows sufficient liquid or until the frost on 
the compressor suction pipe appears. Be careful not to overcharge the 
system. 

181. Air in the system. — If there is air in the ^tem^ it displaces a cer* 
tain amount of gas that should be in use, and the indications of the 
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presence of air are much the same aa those of a shortage of ammonia, 
except that unusually high condenser pressure will be noted and the 
passage of the liquid through the regulating valve will be interrupted 
by air bubbles, which will give an intermittent whistling sound. The 
remedy is to remove the air, as previously described, and add more 
liquid ammonia if needed. 

^ 182. Oil in the system. — ^The presence of any considerable amount of 
oil or water in the system will cause a reduction in efficiency and will 
be indicated by shocks within the compressor cylinder. The oil should 
be removed through the drain valve on the oil interceptor. 

183. To return oil from interceptor to compressor. — ^A certain amount of 
oil will pass up out of the case and through the cylinder to the oil separator, 
and it is necessary to return this oil to the case when the oil level is 
within about one-half inch of the bottom of the gauge glass on compressor 
case. The oil should be blown back from oil separator or interceptor 
as follows: First, with machine operating as usual, make sure Hiat the 
valves or cocks on oil level gauges on the m)nt of compressor case and on 
oil interceptor are open; then slightly open oil-return valve No. 6 on 
the bottom of compressor case. The oil will then be forced throu^ the 
oil-return pipe from separator to compressor case by the high pressure in 
the separator. During this operation the oil level in separator gauge 
must be watched carefully, and as soon as the oil disappears from the 
glass valve No. 6 must be closed tight. If valve No. 6 is not closed tight 
immediately after the oil disappears from separator gauge, anmionia will 
follow, passing through the oil-return pipe into compressor case. A cer- 
tain amount of ammonia liquid will sometimes collect on top of the oil 
in interceptor, and the operator is cautioned not to mistake this for oil 
and return it to compressor case. If a quantity of ammonia gets into the 
compressor case, excessive pressure will result, making the machine very 
hard to start; or if the macnine is running it will labor, consuming extra 
power and sometimes even stopping the motor or throwing the belt oS. 
Finally, ammonia mixed with oil may cause the oil to boil over past the 
lower piston rings into the cylinder, and so on through to the separator 
again, making it necessary soon to blow the oil back once more. Never 
return the oil from separator to compressor except when machine is 
running. If any ammonia goes through with the oil, it will evaporate 
and pass up into the cylinder more easiry when machine is in operation. 

184. Leaking compressor valves. — If either valves or piston are sus- 
pected of leaking, the fact may be determined with a fair d^:ree of cer- 
tainty by dosing the regulating valve and continuing the machine in 
operation. The evaporator (suction) pressure should be piunped down 
to about 20 per cent of what it was in a certain number of revolutions, 
which should be stated by the manufacturer of the particular machine or 
determined on board ship when the machine is known to be in good con- 
cation. If the valves are leaking it ebould be possible to detect this by 
listening carefully with the ear near the compressor cylinder. Irreguhur 
and faulty action of the valve should be indicated by the irregular pulsa- 
tion of the pressure gauges. If the valves are leaking badly it will be im- 
possible to pump down the suction pressure in order to remove the valves, 
so that the gas snould be expelled from the cylinder as follows: Close the 
regulating valves tight, then close the compressor suction stop valve, 
stop the machine^ turn the machine to top center, dose the dischaige stop 
vawe» then turn the machine one compkte revolution; open the dis- 
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•diarge ato^ valve to let the presaure blow into the condenser. Repeat 
this operation eeveral times, wen open the cylinder, having water and a 
large wet sponge at hand to absorb the ammonia remaining in the cvlinder« 
186. Defecttye paoUng. — ^If the ccKoapressor valves are in eood condi- 
tion, sufficient gas in the system, no other taults located, but the machine 
shows decreasea capacity, the piston packing is probably worn and should 
be exanuned. 

186. Shutting down. — ^To stop the machine, close the expansion valve 
or, bett^, the liauid valve between the expansion valve and the liquid 
Teceiver; pump tne low-pressure side of the system down to a pressure of 
^ pounds. Do not i>ump down to a vacuum. Close the suction stop 
valve, stop the machine, close the discharge stop valve, uid shut off the 
•circulating water. 

187. Adjusting lift of valves. — Special attention should be given to the 
lift of the comjffesBor valves, for if the Uft is too high the valves will not 
•close promptly, and the machine will be inefficient, especially if the 
machine is run at high speed. 

188. Bemovlng oil Izom system. — ^The system should be completely 
freed from oil when opportunity offers, as it clojgs up the pipes, reduces 
the efficiency of the machine and the conductivity of the piping. To 
remove the oil, stop brine pump, slow down the circulating pump, let the 
hot ammonia circiuate through the system, open ex{>ansLon valve equal- 
izing the pressure on the hi^h and low sides. The oil is carried throi^ 
the system back to the oil interruptor or trap, and this trap ^ould be 
blown down every 15 minutes until the syst^ 1» free of oil. After the 
*system is free of oil the machine may be started up or shut down in the 
usual way, increasing the supply of circulating water and closing the 
T^;ular valve. 

189. Oare and packing of valves. — ^All valve stems should be kept well 
oiled at all tunes to prevent rust and to insure free operation. To prevent 
loss of ammonia, with the attendant disagreeable odor, and to insure also 
against air getting into the system when operating under a vacuum, it is 
necessary to keep all valve stuffing boxes tight. If the valve stuffing 
boxes are properly packed with a good grade of packing they may be 
kept absolutely ammonia ti^t without sufficient pressure being applied 
to make the stem turn stiffiy. The glands should be kept just tight 
'enough to prevent any leakage of ammonia. If kept too tight, the valve 
stem will bmd. In tiine the valve packing will dry out and become hard, 
causing the stem to bind and turn stiffly, and sometimes causing valve 
bonnet to turn with stem. When this condition exists, although there 
may still be some room for adjustment of gland nut, and there may also be 
no leaka^, the packing should be replaced, first completely removing the 
old packing. When the gland is drawn up as far as possible and yet the 
fltem works freely, the addition of one or two rings of packing may be 
eufficient without removing the old packing. Any good grade of anunonia 
packing may be used. AU ammonia valves on closed lines — that is, all 
ammonia vidves, except gauge cocks, expansion valves, and the charging 
and puige valves, which have one end open to the atmosphere — shoula 
be repacked when wide open, since they are double-seated valves, and 
the ammonia can not leaK out through the stuffing box when they are 
opened full against the upper seat. Gauge cocks, purge valves, and 
charging valves are subjected to pressure only on one side, and therefore 



muflt be packed when cloflecl tight. When repacking ammonia or oil- 
level gauge cocks, the nuts shoiiM be looeened u%htly and tline ammoiua 
allowed to escape before removing nut entirely. It is necessary to remove 
the pressure from both sides of the expansion valve in order to repack it. 
This may be done by closing liquid valve No. 4 and pumping the system 
down to a vacuum, after which suction valve No. 3 may be closed and 
expansion valve taken apart; or in case there is a valve between the 
low-pressure side and the expansion valve this valve should be closed, 
preventing air (which would have to be pumped out) fix)m getting into 
the coils. Where there is more than one expansion valve, or if the 
expansion valve is located at some distance from ammonia receiver, stop 
valve Z may be closed in place of liquid valve No. 4 when punapingjout 
low-pressure side between expansion valve and compressor, or if for any 
reason it is necessary to shut off any one section of the expanfdon system. 
190. What to do in case of a leak in high pressure. — See figure. If a 
leak occurs in any part of the high-pressure side, exceyjt between liquid 
valve No. 4 and expansion valves, stop machine, closing suctionjvalve 
No. 3 and discharge valve No. 2 as usual; and unless the leak is on the 
ammonia receiver, close the nearest valves on each side of the leak and 
also close liquid valve No. 4 at once. If the leak is in or near the oil sep- 
arator, between stop valve F and discharge valve No. 2, close stop valve F. 
If the leak is in or near the condenser, between stop valves E and F,[clo8e 
stop valves E and F. If the leak is on the ammonia receiver, liquid valve 
No. 4 and expansion valve or valves should be opened wide at once, 
which will allow a great quantity of the ammonia to pass from the receiver 
into the low-pressure side of the system, relieving the jjreesure to some 
extent. If the leak is not serious — ^for instance, if it is in a joint of the 
condenser or some flange, so that it can be stopped by tightening the 
bolts — it may be repairSd without removing the ammonia from the high- 
pressure side. If, nowever, the leak is so serious that it is necessary to 
disconnect the piping or apparatus, the anunonia should be pumped out 
of the high-pressure side and into the low-pressure side before attempting 
to make any repairs. Before starting the machine to pump the ammonia 
into the low-pressure side, make sure that the proper valves on each side 
of the affected part, which have been closed , are opened again as follows: 
If the leak is on or near the oil separator or in by-pass valve B, the stop 
valve F should be left closed and the machine started at once as described 
later. If the leak is on or near the condenser, open stop valve F, leaving 
stop valve E closed . If the leak is on or near the ammonia, receiver, first 
open liquid valve No. 4 and expansion valves to allow as much of the 
ammonia as possible to pass into the low-pressure side, as described 
above. Then close liquid valve No. 4 again. 
191. To pomp ammonia from high-pressure side Into low-pressure 
side. — First, make sure that the valves are set as described on preceding 
page. Then open wide by-pass valve A and start compressor. ^ Next, 
open by-pass valve B slightly and allow machine to operate until high- 
pressure gauge H shows 25 pounds pressure. Then gradually open by- 
fass valve B wide and run machine until high-pressure gauge H registers 
5 to 20. inches vacuum and all ammonia has been pumped out of the 
affected parts. Be sure that gauge cocks on oil separator or ammonia 
receiver are wide open, since even after high-pressure gauge H shows a 
vacuiun there may still be a quantity of ammonia left in the system; 



00 it is necesBary to keep the machine ranning until all amnumia dk- 
omean from the ^uge nafls. 

By-pa0B valve B Bnomd now be closed and machine stopped, imme- 
diately clofling by-pasB valve A idao. If higfa-preflsure gause H riaee 
above inside of 10 to 15 minutes, indicating that there is stiff some am- 
monia present, the machine should be stiSted again and^the system 
punamea out once more as described above. After repeating this process 
until 1^ ammonia is pumped out and high-pressure gauge H still regkters 
a vacuum when macninehas been stopped 10 to 15 minutes, purge vahre 
No. 9 and dischaige'Valve No. 2 should be opened to allow any ammonia 
wlii<^ is in the machine to escape, after which the necessary repain may 
be made. After the leak has been repaired , close discharge valve No. 2 
and proceed as follows to pump air out of the syBtem: Make sure that 
purge valve No. on compressor discharge pipe is open and also open 
wide by-pass valve B, keeping by-pass valve A closed. Start com- 
pr ooB O T and (^erate \mtil hi^h-pressure gauge H diows 15 inches to 20 
inches vacuum. Then close oy-pass valve B and purge vidve No. 9, and 
fanmediately stop compressor. Before starting machine again and return- 
ing ammoma to repaired portion, it is advisable to test the repaired 
parts by allowing a small quantity ci ammonia to return through liquid 
valve No. 4 (or ciop valve E or F, as the case may be), which (mould be 
slightly opened and closed again quickly as soon as high-pressure gauge 
H shows 10 pounds. If all parts are tight, liquid valve l^o. 4 (or stop^ 
valve^ E or F) may then be opened slowly until wide open, and the 
machine started in the usual manner. 

198. What to do la case of a leak in the compressor. — If a leak occurs in 
the compressor or in the piping between compressor and by-pass valve A, 
or if for any reason it is necessary to take the compressor apart, proceed 
as follows: Close liquid valve No. 4 and then suction viJve No. 3^ allow- 
ing compressor to run for two or three minutes to reduce pressure in oom- 
preflsor case. Then shut off power and close discharge -^ve No. 2 tight 
at once. By-pass valve A should now be opened to allow pressure in 
machine to equalize with low-pressure side, and immediately closed 
again. Purge valve No. 9 should then be opened g:radually, alter which 
l£e compressor may be taken apart or the leak repaired . After necessarv 
repairs nave been made, start compressor, pumping air out througn 
purge valve No. 9. When all air is expelled, close purge valve No. 9 
and immediately open discharge valve No. 2, and then gradually open 
auction valve No. 3, operating me machine as usual. 

198. What to do in ease of a leak in low-pressure side. — If a leak occurs 
in asty part of the low-pressure side or expansion coils or between liquid 
valve No. 4 and suction valve No. 3, or in by-pass valve A on the com- 
piesBor, liquid valve No. 4 eftiould be closed at cmce and machine 
operated until low-pressure or suction gauge L registers 15 inches to 20 
laches vacuum. The machine should tilien be shut down and discharge 
valve No. 2 closed tight. If low pressure rises above inside of 10 to 
15 minutes, indicating that there is still ammonia pr&ient in the ooUs, 
diachaige valve No. 2 should be opened and the msM^hine started again, 
the operation of pumping down being repeated. After repeating this 
process until all ammonia is pumped out, and low-preasaie gauge con- 
tinues to register a vacuum, open by-pass valve A and then pusge valve 
No. 9, after which the necessary repairs may be made. After repasrs 



have been made, all air must be ezpeUed from the svBtem as followa, 
Firat, clooe by-paes valve A, making Enire that punfe valve No. 9 is open: 
aiMi start compressor; then open suction valve No. 3, pumping out air 
through purge valve No. 9. When aJl air is expelled, close suction 
valve No. 3, then purge valve No. 9, and stop machme. If low-pressure 
gauge L continues to r^;ister a vacuum for 5 or 10 minutes, the piping 
may be considered ti^t; but as an extra precaution it is well to open 
liquid valve No. 4 slightly and close it again quickly as soon as low- 
pressure ^uge L BhoYTB 5 pounds pressure. If all parts are tight, start 
machine in the usual maimer, as previously described. 

194. Ammonia in oil Inteiceptor. — If the oil interceptor is in a cool 
place, or if machme is operated at too high a suction pressure and 
*'frosts back" heavily, aminonia will collect in the oil interceptor, which 
condition, however, is not in any way harmful unless the ammonia rises 
near the level of the gas inlet from the compressor. To relieve this con- 
dition, close expansion valves sufficiently to keep disch£u:ge pipe hot.^ 

195. Excessive pressure in comiHressor case. — Excessive pressure in 
compressor case may be caused, as already described, either by operating 
at too high a suction pressure and '* frosting back " heavily, or b>r passing 
ammonia into the case when returning oil from interceptor. If tms occurs 
when machine is running, making compressor labor, close liquid valve 
No. 4 and pump down low-pressure side to from 10 inches to 15 inches 
vacuum, wnich will cause tne ammonia in the compressor to evaporate. 

If the compressor, being shut down, is difficult to start, open suction 
valve No. 3, making sure that discha^ valve No. 2 and by-pass valve 
A are closed, and allow the machine to stand for 16 to 20 minutes, permit- 
ting the pressure in the case to eqmdize with the suction pressure. Before 
starting machine again, be sure to close suction valve No. 3 and then 
open by-pasB valve A and proceed as usual. If the suction pressure is 
so high that this procedure fails to relieve the pressure in the case, slightly 
open purge cock No. 10 and relieve pressure into atmosphere or water. 
All valves on compressor should be closed when this is being done. 

196. To purge oil from ammonia receiver. — If oil is return^ at proper 
intervals from oil interceptor to compressor case, very little will collect 
in the ammonia receiver. However, if for any reason oil should collect 
in the receiver, it may be drawn off through the small purge cock which 
will be found on the bottom of the vertiotl type of receiver, or through 
the purge valve on bottom of the horizontal type. This cock, or valve, 
as it may be, should be opened very slightly to prevent loss of ammonia 
or too sudden discharge A the oil. The oil will pass out of the receiver 
in a frothy or foamy condition, due to being impregnated with ammonia. 
Oil, being heavier than ammonia, will always lay in the bottom of the 
receiver, and being darker in color, can readily be detected in the gauge 



197. Ammonia and oil level gauges. — Generally the ammonia or oil 
level gauge cocks are fitted with an automatic device which is designed 
to close tSie cock if the glass is broken. However, to permit the cock 
being closed quickly in case of emergency, it is advisable to keep the 
gauge cocks not more than one-half to one turn open. 

198. To replace broken gauge glass. — In the event of the gauge glass 
being broken, make sure that the cocks are closed tight at once; then 
unscrew gland nuts from both cocks, removing broken glass, gland 
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washers, and rubber washers. The new glass should be cut about one- 
half inch, longer than the space between the &ces of the upper and lower 
cocks^ so that the glass, when in place, will extend about one-fourth 
inch into the opening on each cock. Only a good grade of standard 
Scotch gauge glass should be used. Before putting new glass in place 
dip gland nuts over glass in proper position; then place the gland 
wsZshers and finally the rubber washers over the ends oi the glass, push- 
injg them firmly into the nut. The glass may now be placed in position 
with each end extending an equal distance into the recess in the cock, 
and the gland nut screwed ujp until tight. 

199. For BUgeestions applicable to all types of machines see articles 
217 to 222, and for instructions for operation of brine and ice-making 
Bystems see articles 228 to 227. 

Seetfon 5.-~SULPHUR DIOXIDE MACHINES. 

SOO. Desciiption of refrigerating machine proper. — ^The Audiffren- 
Singnun re&igerating macmne operates on the same prindple as do 
all compression-type refrigerating machines. Its design, however, differs 
radically from other machines of this type, as will be seen by reference 
to the sectional view of the dumb-bell or refri^rating machine proper. 

In this machine the refrigerant, sul|>hur dioxide, and the lubricant 
are hermetically sealed into the machine at the factory. The charge 
of both sulphur dioxide and oil is absolutely permanent. 

The machine is in appearance a shaft with a drum on one end of it, 
a second drum in the middle, and a pulley at the opposite end. It is 
carried in two bearing, one on each side of the drum at the middle of the 
shaft. If this drum is partially immersed in flowing water and the ma- 
chine revolved at the proper speed, the drum on the end of the shaft 
becomes cold and will, of course, cool any material in which it may be 
immersed. There are no valves to be adjusted in the machine and no 
gauges to be watched. 

I&fenin^ to Figure 25, the compressor hangs on the shaft inside of the 
spherical drum, this shaft being m effect the crank shaft of the com- 
pressor. The compressor is held in position by a counterweight. 

The compressor has two double-acting, oscillating cylinders, llie 
suction connection to the cold or evaporating drum is made throtigh 
the frame of the compressor and through the hollow shaft connecting 
the two drums. 

As the machine revolves, the compressor, beine held in position by 
the counterweight, draws gas from the cooling end of the machine ana 
discharges it tmough discharge valves in the sides of the cylinder into 
the condenser drum within which the compressor is itself located^ 

The gas discharged into the condenser is cooled and liquefied by con- 
tact wim the ws^ of this drum, which are in turn cooled by the condens- 
ingwater flowing about it. 

The condensed refrigerant and the oil are held out against the Bkell 
of the condenser drum by centrifugal force and are finally caught by 
means of a small scoop mounted on top of the frame of the compressor 
and poured down into a separating cup, where the oil is separated and 
poured back over the compressors to lubricate and cool them while the 
refrigerant is passed by means of a float yalve to the evaporating end of 
the machine to again evaporate and continue-on its cycle. 
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Any lubricant that reaches the cold end of the machine ia autcnnat- 
ically leturned to the condenser end by devices placed in the cold end 
of the machine. 

The pressure in the condenser will obviously be dependent upon the 
temperature of Uie condensinff water, and consequently the position 
assumed by the compcesscnr under the control of the counterweight will 
be dependent upon the temperature of the condensing watw. If the 
supply of condensing water gives out, so that the temperature rises 
excessively, the counterweight will finally rise te the horizontal position, 
•and any incresse in pressure beyond this point will cause the counter- 
weight to revolve with the machine, so that no increase of pressure 
beyond that for which the counterweight is designed can be caused by 
the operation of the machine. This acts as a scSety device, protecting 
the machine against damage by failure of condensing water. It will not, 
however, protect the machine against damage by continous running 
without condensing water. 

If the counterweight begins to revolve with the machine, it will cause 
it to i)ound or jerk badly. The nmrhine should be stopped ii this 
happens and more condensing water supplied so as to loww the condenser 
tmiperature before attempting to start up again. 

201. Direction of rotation. — ^The proper direction of rotation of the 
A-S refrigerating machine is with uie nands of the clock when facing 
the pulley end ol the madiine. 

As above stated, the chai^ of refri{|^»ant and lubricuit is permanent 
in these machines. There is no deterbiation either of the ou or of the 
sulphur dioxide. 

SM. Speed ol machiAe. — It is important that the speed of tiie machine 
be kept iqpproximately correct. The speeds are: 

For a No. 2 machine 380 R.P.M. 

For a No. 3 machine 280 R.P.M. 

For a No. 4 machine 190 R.P.M. 

For a No. 6 machine 140 R.P.M. 

The first figure of number on end of dumb-bell shaft denotes sue o£ 
machine. For example, machine 2335 is a No. 2 machine. 

90S. Standard mazliie tank design. — In order to avoid spilling of the 
brine being cooled by the cold end of the machine, or of the condensing 
water J the brine and c(»densing water tanks aro made of special design. 
The hquid in each case enters an inner tank in which the machine re- 
'wlves and overflows to an outer tank from which it flows away, either 
efverode or to a pump. 

fl04. Standard de«troyer*t9pe tmk axrangement. — ^In addition to the 
ordinary marine tank airamgenent another design especially dev^ped 
for lefngerataBg ain^^e compartments is ahown in the destroyer-t^rpe 
tank arEBngememt. In this anangement the refrigerating machine 
drculatoi the brine through cooling coils j^aced below or to the side of 
liie machine. The brine is thrown into a scoop by the acticm of the 
machine and flows by gravity through the coils and back into the tank. 

Spilling ol brine over the tank edge is avoided by a labyrinth arranffe- 
mant anwind the openine, throu^ Triiich the akadt passes out of the 
tai^c^ tiiie joint between the cover and the tank being made watemig^t 
except at this point. No inner tank is usedin this deaigik 
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805. Care of lefrigeiator.— The beat results will be obtained by dividingr 
the time the machine must run each day into two parts, running it for 
a while early in the day and again late in the afternoon, increaong the 
lei«[th of these running periods as the weather may require. 

inie machine should be run each day only so long as is necessary. 
This time will depend upon the condition of the rmigerator, on the 
amount and temperature of the material in it, and especiaUy upon the- 
weather. 

Keep the refri^rator doors shut tight. 

Keep the refrigerator, the machine, and its surroundings clean. 

Do not allow anyone to place goods in the refrigerator so dose together 
that the air cannot circulate up throu^ the storage compartment. Do 
not cover the shelves with paper, llie refrigerator is cooled by the 
circulation of air downward along the cooling sunace and upward through 
the food compartment. The goods must be stored to interfere as little- 
as possible with the free circulation of the air. 

806. Making Ice. — ^Fill the ice molds with water to such a level that 
motion of the ship will not cause it to overflow. Remove the ice moldd 
from the ice-making cabinet while filling them . This is to avoid spilling- 
water into the brine, which weakens the brine and requires frequent 
addition of salt or calcium. 

In harvesting the ice it will be found frozen tifht in the mold when it 
is taken from tne brine. If allowed to stand in tne air for a few minut«e 
it will melt loose. Loosenine may be hastened by dipping the mold 
into wann, not hot, water. Do not hammer the ice moid or rap it oit 
the deck. 

807. Brine. — Always keep the brine below 32^ F. If it rises above this 
temperature, the ice will loosen in the mold, and in refreezing the can 
will be forced out of shape and probably leak. 

Keep the brine strong. The salometer should float in the brine be- 
tween 75** 0*125 specific gravity) and 90® Baum6 (1.184 specific gravitjr). 
If it floats lower tnan 75 , add sedt, bein^ careful in doing this to avoid 
getting dirt into the system. Loose salt is apt to clog the pipes. Make- 
the brme outside of tne machine and strain it before placing it in the- 
tank. 

A good method of keeping the brine up to proper strength is to hang 
a bae of salt directly in tne brine. 

Take care to mamtain the brine level at the proper point. Where* 
the brine is circulated by a pump, do not allow it to fall low enough 
in the overflow compartment to uncover the suction strainer. In t£e 
destroyer type of tank test the level of the brine by the pet cock on the 
brine tank. Make this test when the machine is not running. If brine 
does not flow from the pet cock add brine until it does flow. 

When the system is first filled with brine, listing of the vessel may cause- 
air pockets in brine coils, so that after machine is run a day or so and air 
has been removed from the coils by circulation of the brme ^ere will 
be a lowering of the brine level in the tank, which should then be brought 
up to the proper height. 

Eithor rock salt or calcium chloride may be used for makii^g brine. 

If calcium chloride is used for making brine, be sure that l£e solutiont 
has cooled down to ordinary temperatures befOTe the machine is started.. 

If either calcium or salt brine is weak, the corrosion will be con-^ 
siderable, but if they are kept up to the strength above indicated neither 
one causes serious corrosion. 
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908. Condensing water. — ^Be sure that there is water flowing through 
the condensing tank when the machine is running — enough so uiat there 
will be not more than 4° F. difference in temperature between supply 
and overflow. 

209. Capacity. — ^The capacity of the machine varies as the temperature 
of the condensing water at the rate of about one per cent for each degree 
change in temperature. For instance, with conaensing water at 60^ F., 
the cooling capacity of machine would be 20 per cent greater than with 
condensing water at 80 ^ F. 

Do not allow the surface of the condenser drum to accumulate in- 
crustations of any kind. These interfere with the flow of heat and 
seriously reduce tne capacity of the machine. 

If the condensing water comes to the refrigerating machine through 
a very warm engine room, it is a good plan to turn on the wator for a 
little time before the machine is started. 

210. Lubrication. — ^The main bearings on the dumb-bell are provided 
with wick oilers and oil chambers at the bottom and should be kept well 
oiled. Wicks should be removed once a week and examined to see that 
they are feeding properly. 

211. Belt. — ^Do not use rosin on belt. The best dressing for belt is 
castor oil. This should be applied extremely slowly. Do not under sjay 
circumstances attempt to pour a small quantity on to the belt. Put it 
on with a small stick, a very little at a time, and allow it to work over 
the belt thoroughly. Castor oil will not harm the belt in any way ; in fact 
it will improve its life and at the same time will make it cling to the 
pulley. 

212. Continuous operation. — ^The refrigerating machine is designed to 
run continuously, if necessary^ and will not be damaged if it should run 
several months without stoppmg. In this case, however, an excessive 
amount of frost may gather on the coils in the refrigerator. This will 
insulate the eoils so that the brine wHl tend to become colder and colder 
without properly cooling the refrigerator. It will then be necessary 
to shut tne machine down long enough to allow the frost to thaw o£^ the 
pipes. It is better, therefore, to allow the frost to melt off the coils 
often enough to prevent heavy accumulation. 

Continuous operation of the machine under normal conditions is not 
necessary. As above stated, best results are obtained by dividing the 
time the machine must be run each day into two or more parts, running 
it for a while early in the day and again late in the afternoon, increasing 
the length of these periods as the weather may require. 

218. Precautions to be taken in starting machines when new or after 
long periods of idleness. — When a dumb-bell has been out of service 
for a number of weeks or months, the oil drains off of the bearings of the 
internal mechanism. Therefore, in restarting the machine it is necessary 
to insure getting lubrication to all bearing surfaces within the machine 
before they have a chance to heat and stit^. 

Before putting power on the dumb-bell it should be tiurned over by 
hand for several mmutes in the case of the smaller machines. In the case 
of the larger machines turning by hand would necessarily be so slow a 
process as to be ineffective in gettmg oil to the bearings. Large machines 
should, therefore, be turned over by power for a few seconds, doing this 
repeatedly. These running periods should be from 10 to 20 seconds and 
should be repeated perhaps a dozen times. This will start the oil circu- 
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latiiur and give the bearings some lubrication before the machine is run 
at fuU speed and full load. 

Sufficient condensing water should be flowing to keep the condenser 
as cool as possible during this period. 

If it is practicable, it is a ^ood thing to operate the machine for a time 
without aUowing the liquid in the evaporator cabinet to touch the dumb- 
bell. This can, of course, be done in starting new machines without 
any difficulty. During the time, however, th at the machine is run in this 
way, it is important to frequently brush off the frost that forms on the 
cold end of the machine. Otherwise, a heavy insulating coating is 
formed over this surface, with the result that the interior of the machine 
becomes excessively cold . This condition of excessively low temperature 
in the cold end of the machine must be avoided, because the lubricating 
oil becomes very sluggish at from 10 to 15 degrees above 0^ F., and con- 
geals in a temperature of from 4 to 9® below 0**P. Consequently at low 
temperature tne oil returns very slowly to the compressor, and if the 
macnine is allowed to operate for a considerable len^h of time under 
these conditions the oil level in the compressor end of the machine will 
be seriously lowered. -4 

It is perhaps a safer practice to stop the machine from time to time 
and leave it idle long enough for the frost to melt off. This gives visible 
assurance that the temperature in the cold end is not excessively low, 
and this intermittent operation is further beneficial in insuring lubricat- 
ing oil being thoroughly distributed inside of the machine before a heavy 
or continuous load comes on to these parts. '--j 

Before starting the machine after having stopped it, time must be 
given for the gas pressure to equalize before it is started, otherwise the 
compressed gas in the condenser end will make the machine very stiff 
in starting and may throw the belt or result in a turnover of the counter- 
weight. Allow at least a minute or so to elapse before starting after a 
shutdown. • ^ ■ ??4 

After havinjg^ run the machine for a time with the cold end exposed ta 
the air, the lic[uid in the evaporator cabinet may be raised to oring it 
into contact with the cold end of the dumb-bell. "When you do this, the 
liomd should be allowed to just touch the rim of the bell. -^ 

When the liquid has fallen to say 55®P,, the level may be raised very 
slowly, being sure that at no time it is allowed to rise above 55®P. as the 
level is raised. 

214. Laying up the maohine (see N. Eng. 388 (44)). — In laying up 
the machine do not drain the bnne out of the system unless you are in 
a position to remove it thoroughly by flushing it out with water and then 
later remove all of the water. If the system is left full of brine, take 
care that the brine shall be of full strength — ^that is, 80° or 90® on the 
salometer. 

The belt driving the machine should be taken off and stored in a 
dry place, and the shaft of the machine and any other steelparts exposed 
to the atmosphere should be given a coat of No-Ox-Id, Whiz, or other 
similar compound. 

216. Failure to refrigerate. — If the refrigerating machine fails to cool 
the refrigerator, first turn the machine over by nand to see if it turns 
freely. Second, examine the speed to see that the machine is oper- 
ating at ttie proper number of revolutions per minute. Third, examine 
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the brine to be certain that it is of proper density so that it can not freeze 
on the dnun of the macMne and so interfere with proper refri^ration. 
Fourth, in the destroyer type of installation, be sure that the bnne level 
is correct and that the brine coils are not clogged. Fifths see if the buc« 
tion to the brine pump is always full of brine. Sixth, remove enough 
brine so that the cold end of the machine is free to revolve in the air. 
Operate the machine for 15 minutes or so and see if the cold end will frost 
up. Under no circumstances open up the dumb-bell, for to do so will 
permit the contained gas under pressure to escape and thereby destroy 
the refrigerating properties of the machine. 

216. For sugg^tions applicable to all types of machines see articles 217 
to 222, and for instructions for operation of brine and ice-makiog sys- 
tems see articles 223 to 227. 

Section 6.— OPERATING SUGGESTIONS APPLICABLE TO ALL 

TYPES OF MACHINES. 

2 17 . Cool circulating water in the Tropics . — ^In the Tropics it frequently 
happens that the surface water is warmer than the water below and 
some ships have rigged a suction hose over the side so that the cooler 
water may be used for circulating water, thereby increasing the capacity 
of the ice machine. 

218. Washing out the cold-storage rooms. — ^The cold-storage rooms 
should be washed out and thoroughly cleaned at least once every three 
months, as they will soon have a very disagreeable odor due to the gradual 
accumulation of blood and small pieces of meat. 

219. Blower in cold-storage room. — ^The time required to reduce the 
temperature of a cold-storage room can be reduced and the efficiency of 
the plant increased b^y installing a blower in the cold-storage room so 
that it discharges against the cooling coils and sets up a circulation of 
air throughout the room. On the Paducah an installation of this kind is 
made as follows: Motor is installed on bulkhead outside of stora^ room. 
Speed reduction is obtained by inserting a 32-candlepower lamp in series 
on supply line to motor. Fan and casmg were disconnected from shaft 
of motor and installed in the storage room. Fan is installed on a long 
shaft passing through a galvanized-iron pipe fitted in hole drilled through 
storage-room bulkhead. Galvanized-iron pipe is made air and water 
tight by special fittings. Fan shaft is supported by ball bearings on 
storage-room end, and a stuffing box with flak packing is fitted at motor 
end, both the ball bearings aud stuffing box being fitted in the galvanized 

?iX>e . The motor ediaf t and fan shaft are connected by a flexible coupling, 
'he motor is lEliut down before entering storage room, and also whenever 
cold air is shut off for any pimx)Be. 

220. Moisture absorber. — ^Water in the piping of a plant of any type 
will prove troublesome by freezing and causing a stoppage in the low- 
pressure side of the system. The water enters the system when chargiujg 
m a CO2 or ammonia plant or through the primer pump in a dense-air 
plant. An effective means of preventing moisture entering the system 
IS the use of a moisture absoroer or gas drier installed in the charging 
pipe. 

A moisture absorber which was manufactured aboard ship and in- 
stalled in the charging pipe of a CO2 machine is shown in figure 26. No 
further trouble with moisture freezing in the system was experienced 
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after infitallation of this abaorber. Ita use with a dense-air machine, as 
well as other types where none is now installed, would practically elim* 
inate the troubles due to moisture in the sjrstem. 

2S1. Lubricating oil. — It is important that the proper oil be used for 
lubricating the cylinders and piston rods of ice machines. Oil having^ 
a low cold test is necessary as otherwise it would congeal when in contact 
with the cold gas or air returned to the compressor. The oil especially 
provided for this purpose should be used, and to prevent the accidental 
use of oil for bearings or the driving unit in the ice-machine cylinders 
the cans containing the different oils should be plainly marked. 

222, Storage of drums contaiaiiig refrigerant. — ^The refri^rant used 
in the various types of refrigerating plants installed aboard ship, with the 
exception of the dense air and Auaiffren-Singrum types, is supplied in 
drums or containers and is placed in these drums under pressure. 

The drums should be stored in a cool place, because when they axe 
exposed to a temperature higher than that at which they were filled 
the pressure of the gas in the drums is correspondingly increased, which 
will become dangerous if the temperature is sufficiently high. 

Section 7.— INSTRUCTIONS FOR OPERATION OF BRINE AND 

ICE MAKING SYSTEMS. 

228. Density of brine solution. — ^Where brine is used as the cooling 
medium, particular attention should be paid to its density. A wealc 
solution will be liable to freeze and also to cause corrosion, while a solu- 
tion that is stronger than necessary will reduce the efficiency of the 
plant, as the specmc heat, and consequently its heat-conducting ability, 
IS lessened as the solution is made stronger. Furthermore the stronger 
the solution the more likely it is to form a coating on the inside of the 
cooling coils. The accompanying tables give the freezing points for 
brine solutions of various densities together with the approximate quan- 
tities by weight of calcium chloride or sodium chloride (common salt) 
required per gallon of water to obtain brine of the required density. 

Calqitv Chloside (CaCls). 







Pounds 




Sp«dfic 


Degrees 


CaOlsper 


Freeiing 


gravity 
at 60* r. 


salometer 


gallon of 


point 


at 60* F. 


solution 


•F. 






(approx.). 




1.024 


12 


i 


29.5 


1.049 


26 


1 


26.6 


1.07« 


40 


U 


22.8 


1.103 


52 


2 


18.1 


1.131 


68 


H 


12.2 


1.160 


80 


3 


4.6 


1.188 


92 


Zi 


- 4.9 


1.218 


104 


4 


-17.1 


1.250 


116 


4i 


-32L6 
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Pounds 




l^pecific 


Degrees 


NaClper 


Freecing 


gravity 
at 60* F. 


salometer 


gallon of 


point. 


at 60* F. 


solution 


•F. 






(approx.). 


• 


1.044 


22.7 


h 


23.9 


1.089 


45.2 


1 


16.0 


1.119 


60.6 


H 


11.0 


1.150 


79.1 


2 


&0 


1.192 


94.7 


^ 


0.0 



The density of the brine should be such that the freezing point is from 10 
to 15®F. below the temperature to which the brine is to be cooled in the 
brine cooler. Likewise, the density of the still brine in the ice-making 
tanks should be sufficient to lower its freezing x>oint until it is from O'' to 
5° F. The density of both the circulating and still brine should be 
ascertained at least once a month and a stronger solution added if it has 
become weak. 

224. Calcium chloride preferable to sodiam chloride. — ^When making 
the brine solution, the use of calcium chloride is preferable to sodium 
chloride, as a lower freezing point can be obtained with the former and 
the corrosive action of calcium chloride brine is less than that of brine 
made with sodium chloride. 

225. — ^Mixing the brine. — The calcium chloride should always be com- 
pletely dissolved before being added to the system. Lumps of calcium 
chloride should never be thrown into the cooler, if of the open type, or 
into the ice-making tank. 

Some plants in which the brine cooler is under pressure are equipi>ed 
with a brine-mixing tank, which is connected to the brine-pump suction 
with a cut-out valve in the line between the mixing tank and the pump- 
suction line. The tank is usually cylindrical, about 24 inches in diameter 
by about 3 feet high, with a removable cover and a J-inch-mesh wire 
screen fitted about 6 inches from the bottom. The outlet is located 
below the wire screen. After mixing the brine in this tank, it can be 
pumped into the system by opening the cut-out valve while the brine 
pump is running. If no mixing tank is installed, the brine must be 
admitted to the system through a hose or pipe connected to the brine- 
pump suction, or it can be poured into the bnne tank if it is of the open 
type. 

226. Begolating the flow of brine. — ^The temperatures in the various 
cold-stora^ rooms should be regulated by controlling the amount of 
brine flowing through the coils of each room. The temperature of the 
brine leaving the cooler should be about 15® F. below the temperature 
to be maintained in the coldest rooms. The difference between the 
temperature of the brine leaving the cooler and that entering the cooler 
after having passed through the rooms should be from 3*^ to 3i° F., and 
the flow of brine should be regulated to obtain this difference. €are 
should be taken to vent the air from the brine system and prevent an 
uimecessary pressure in the brine lines. The bnne should be kept as 
clean as possible to prevent clogging up of the lines. 
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887. Icie' mntiifif.-^When*' pourinl^ brine into the ice-making tank, 
enough brine only should be added to cover the coUs, as too high a level 
will cause it to splash into the fresh water in the cans. Ice cans should 
be filled with fresh water to a level about 2 inches from the top. In 
filling the cans, care should be taken that the water is not spiUed into 
the brine in the tank. It is good practice to fit the end of the ice-can- 
filling hose with a vertical check valve, so that the pressing of the valve 
stem on the bottom of the can will open the valve and fill the can from 
the bottom, driving out the ^ and reducing the amount which is usually 
mixed with the water in filling the cans. In order to secure ^ood clear 
ice, the freezing should be done slowly, as much time as possible being 
allowed for this purpose. Whenever an ice can is removed and the ice 
has been taken out the can should be immediately replaced and clamped 
down. The ice cans should be frequently examined for leaks, as a 
small leak will render the ice very disagreeable to the taste. 

o 
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